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ELECTEIC LIGHTING 



AND 



ITS PEACTICAL APPLICATION. 



CHAPTEE I. 

HiSTOBIOAIi AND DESGBIFTIYE. 

The application of electricity to the production of light is 
of but recent date, even as a scientific discovery ; and as a 
matter of practical use for commercial purposes, it goes 
back but a very few years. 

Sir Humphrey Davy, at the Eoyal Institution in 1810,* 
by breaking the continuity of the circuit of an electric 
current emanating from a battery of 2000 cells, and 
by separating slightly the two extremities of the broken 
circuit, produced a most brilliant light in an arch- 
Uke form in the intervenmg space. The name of the 
« voltaic axe " has been given to this strip of Hght ; while 
that of '^ electrodes " has been assigned to the two points 
between which the arc is formed. The temperature of this 
luminous space was found to be so high, as to necessitate 
the points at either extremity of it being of the most 
irefractory substance to prevent their being fused by the 

* Lecture at the Boyal Institution on "The Electric Light," by 
Prof, TyndaU^ Jan. 17th, 1879. 
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heat« Yarions subBtances have been tried, but two carbon 
rods, first nsed by Sir Humphrey Davy, have been found 
to answer the best : platinum, kaolin, and other substances 
have also been employed* In the yoltaic arc produced 
between two carbon points, a large portion of the light, it 
is generally supposed, is due to the passage of incandescent 
particles of carbon across the space between the points. 

It can be readily understood that, brilliant as was the 
result of Sir Humphrey Davy's experiment, to produce 
electric light by the chemical means adopted, it was too 
costly for aught save experimental purposes. Its more 
general production lay dormant therefore pending the 
discovery of a more economical producer. It was not till 
1831, that the great and important discovery of Faraday 
of induced currents first foreshadowed it. In July 1820 
(Ersted, a Dane, by showing that a magnetized needle 
was affected by the proximity of an electric current, 
proved the analogy which existed between electricity and 
magnetism. Ampere and Arago followed it up, and demon- 
strated more clearly the interaction between the two kinds 
of currents. But it remained for Faraday, following in 
their wake, to show that a magnet could create an electric 
current ; or more exactly, that the approach or retrogres- 
sion of a magnet to or from a bar of soft iron with thin 
copper wire coiled round it, or, as it is generally termed, 
an electro-magnet, would induce an electric current in the 
latter. 

The simple apparatus, causing the revolution of such a 
coil before the poles of a permanent magnet, constituted 
in fact the first magneto-electric machine — the mechanical 
motor required to give practical effect to Sir Humphrey 
Davy's discovery ; and which dispensed with the use of any 
battery or chemical agency. Many years, together with 
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the work of many minds, were still to be spent before thi6 
scientific discovery of Faraday's was to be moulded into 
such a shape, as to fulfil the requirements of practical and 
regular application. 

Pixii, in Paris, in 1833 constmcted a machine in which, 
by means of a hand-winch, tiie poles of a horse-shoe magliet 
were made to revolve rapidly in front of the ends of a double 
induction coil: Saxton, and afterwards Clarke, inverted 
this arrangement, and caused the coil, the lighter of the 
two, to revolve instead of the magnet. 

In apparatus of this nature it will readily be seen that 
the nature of the current induced in the coil, whichever 
be the revolving element, will be subjected to a series of 
reversals in direction consequent upon the proximity alter- 
nately of the positive and of the negative pole of the 
magnet. The resultant current is therefore what is 
termed an " alternating '' one. 

If it is desired to convert this current into one having 
a regular, uniforiii direction, or what is called a "con- 
tinuous" one, recourse must be had to a device termed a 
commutator ; which takes off each kind of electric current 
separately. 

The presence, or not, of this commutator with a machine 
at once divides all electric-light machines, whatever be the 
nature of their construction, into two classes ; those of the 
^' continuous," or of the ** alternating " direction current. 

L'Abb6 NoUet, professor of natural philosophy at the 
Military School at Brussels, perceiving that a powerful 
electric current might be obtained by a combination of a 
number of Clarke's machines acting together, devised, 
about 1849, such an apparatus; its ultimate object being 
the decomposition of water. Unfortunately he did not 
survive to see the full success attained by his machine, 

B 2 
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Olie mieushine^ as constructed, consisted of six circular 
eets, each of fonr componnd horsenghoe magnets, fixed 
aynunetricaUy; ttiey were arranged on a wooden and iron 
frame, each set beinir placed vertically with a space sepa- 
xating it ftom flie next one. In tlds intervening B^e 
rotated a light brass wheel with twenty induction coils 
arranged romid its periphery, which were acted upon by 
the horse-shoe magnets on either side of it, and in close 
proximity to which it revolved. From each of these coils 
the two wires were taken to platinum electrodes, placed in 
as many bottles as there were coils. All the rotating discs 
were placed upon a single axle, which was driven by steam 
power. 

' Six of these machines were made, and in 1853 taken to 
Paris under the auspices of the Societe Generate de T^leo- 
tricite. A public trial of them, to disengage gas for 
illuminating purposes by the decomposition of water, took 
place there in the latter part of that year in the courtyard 
of the Hotel des Invalides, The illuminating-gas bubble 
proved a ridiculous failure ; and the question then arose as 
to what to do with the machines. 

Mr. P. H. Holmes, who was present at the trial, sug- 
gested that they should be utilized in the production of, 
the electric light; and he was empowered to make the 
necessary alterations for the purpose. A fortnight later 
at the same place he was enabled, with the aid of one of 
Duboscq's old form of lamps, to produce a strong and 
steady light. He made use of a continuous - direction 
current, having devised a complicated commutator for the 
purpose, and drove the electric machine at the rate of 
700 revolutions per minute. M. Joseph van Malderen, 
originally employed under Nollet, and who subsequently 
as foreman engineer (contremattre ingenieur) of the Com- 
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pagnie de TAlliance put np the electriolight machines 
in the French lighthouses, assisted in making the alte- 
rations requisite. On this memorable occasion many 
scientific and other well-known persons, both English and 
French, were present ; amongst whom were Lord Howard 
de Walden, Wheatstone^ Brewster, Becquerel, Leroux^ 
Devigne, Duboscq, &c. 

In 1854 Holmes designed a. machine expressly for the 
production of the electric light ; it was constructed in the 
Rue Fontaine St^ G-eorges, at Paris*. In April 1857 took 
place the trials of the Holmes machine at Blackwall, under 
the direction of the Trinity House. Faraday was present, 
and was so pleased at this the outcome of his own discorery^ 
that he exclaimed to Holmes : " It is my baby, you know, 
but you have made a man of my infant/' This growth to 
man's estate had taken over a quarter of a century I 

The result of these trials, extending over three months, 
proved so satisfactory to the Brethren of the Trinity House 
that on December 8, 1858, the South Foreland light* 
house, near Dover, was first lit up by the electric light by 
one of Hohnes' machines ; which, later on was transferred 
to Dungeness. 

Meanwhile, in France the Gompagnie de TAIliance was 
being formed about 1859 to take up the. construction of 
electric-light machines, based upon the arrangement of 
NoUet. After satisfectory trials in Paris, ttie Bouttiem of 
the two lighthouses at Gape La Heve, near Havre, was lit 
up by electricity on December 26, 1863, and the northern 
one oii September 1, 1865; since which dates respec- 
tively electricity has been regularly used as the illuminant: 
in both« The lighthouse at Gape Grisnez, near Galais, 
followed on February 15, 1869. 

The important part in electrical machines, which is: 
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played by the induction coil, has no doubt been remarked, 
-This induction coil, or armature, or electro-magnet, consists 
of a length of copper wire wound spirally, generally in a 
transverse direction, round a bar or tube of soft iron. In 
1854 Dr. Werner Siemens, of Berlin, introduced a very 
important modification in the arrangement of the arma- 
ture, by coiling the wire lengthways upon the body of a 
HH shaped core of soft iron. Owing to the extremely small 
spiuse required for its rotation, this armature may be kept 
^thin a region-of strong magnetic force; and a mudi 
more powerftd current developed than would be the xase 
with an armature with the wire coiled transversely round 
the cylinder. By taking the current induced into a Sie-^ 
pens armature from small steel magnets, and passing it 
through a soft-iron electro-magnet to another Siemens 
coil, Wilde in 1865 obtained an ultimate current of much 
greater intensity than was the primary one. In some 
cases, to augment it still further, he has added a second, 
and even a third, electro-magnet and coil. 

But electro-magnets were soon destined to play a still 
inore important part in the future construction of electric 
machines* 

, In 1867 Dr. Werner Siemens, Sir Charles Wheatstone, 
and Mr. S. A. Yarley made almost simultaneously the 
following important discovery; and which Sir Charles 
Wheatstone and Dr. C. Wm. Siemens each announced, 
independently and without the previous cognizance of the 
other, to the Boyal Society on the same evening. 

If an induction coil be made to revolve in front of a 
soft-iron electro-magnet^ instead of before a permanent 
magnet, as in the earlier machines, the small amount of 
residual magnetism always latent in the iron, especially if 
it has been once magnetized, causes feeble currents to be 
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indabed in the coil ; and, if these currents, or a portion of 
them, are sent round the iron bar, le. into the wire 
surrounding it, the magnetization of the iron is increased. 
This again produces a proportionate increase in the induced 
currents in the coil ; and thus, by a series of successive 
mutual actions, intense magnetization and very powerful 
currents are produced. M^hines consteucted n^n this 
principle of reaction (i. e. in which electro-magnets only are 
nsed) have been termed " dynamo-electric " machines, as 
indicating that dynamical force is converted into electiicity ; 
and which is gradually augmented in intensity. While 
for the older form, where permanent steel magnets are 
employed, the term ** magneto-electric " machine has been 
retained ; their power being limited to the strength of the 
magnetization of the permanent magnets made use o£ 
This discovery, by adding considerably to the power of 
electric machines, led to a corresponding diminution in 
their bulk and also in their costliness. Almost all of the 
more recent machines are « dynamo^lectrio " in construor 
tion, and are based upon ihe pSciple of « mutual reaction." 

Ladd, who was present on the occasion of the announce- 
ment just referred to, took advantage of the principle of 
'^ mutual reaction" in a machine which he was then at 
work upon, and which he exhibited at the Paris Exhibition 
of that year. It consisted of two flat-bar coils, placed 
horizontally one over the other, and so arranged as to 
form but one electro-magnet, and with a Siemens arma^- 
ture revolving at each end of the coils; the firA coil 
serving to make the electro-magnet by its reaction, while 
the current from the second coil was passed off to produce 
ihe light. ' 

This principle of mutual reaction soon became acknow- 
ledged as a great stop in advance, Siemens adopted 
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electro-magnets instead of the permanent steel magnets he 
had previously made use of with his armature. In 1871> 
&ramme^ who had also preyionsly constmcted a magneto^ 
biachine, brought out his earliest form of dynamo-machine, 
making use of two coils, in the same way that Ladd had 
done. The coils, however, were different in form; con-» 
sisting of an annular soft-iron core, with the wire wound 
transversely around it, and divided around the ring into 
the requisite number of segments. 

Pacinotti of Pisa, seems to claim priority, as &r back 
as 18(50,.for this form of annular coil used by him in his 
machine; but whether the two forms are quite alike 
appears doubtful. 

Gramme has since abandoned the use of two coils, and 
uses but one in the improved form in which this single^ 
light machine is now ordinarily constructed (A, Fig. 2j 
Plate II.). 

Among the machines which followed, are two well 
known in the United States, the Wallace-Farmer, and the 
Brush ; and which, together with the Siemens and the last* 
named Gramme, are apparently the best known, and the 
most extensively appUed of the single-light dynamo-electric 
machines. 

A distinguishing feature of the machines belonging to 
this second stage is, that they produce currents of con^ 
siderable intensity, all of which are collected upon the 
circumference of a circular disc termed a commutator; 
the currents circulating upon one half of its circumference 
being opposite in magnetic direction to those upon the 
other half; a separate contact brush serving to carry off 
the current from each half. The currents from these 
machines thus pass off in one continuous direction, and are 
not subject to a constant series of reversals in direction as 
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with the earlier machines. The currents axe generalljf 
supplied for the production of a single electric light. The 
rate of rotation required for them in general is very high, 
from 700 to 1000, and even more, revolutions per minute, 
according to size. This rapid motion often causes trouble 
with the commutator brushes, which heat and wear in 
consequence. 

About 1874 the attention of electricians began effectually 
to be turned to the production of several lights from one 
electric machine. Lontin in this year produced a compound 
machine (Fig. 1, Plate II., and described farther onj, 
together with a regulator sufficiently deUcate for the pur* 
pose. Then in 1876, Jablochkoff devised, his now well- 
known '^ candle " as a simplification of the arrangement 
of the carbons, or electrodes, between which to produce 
the light ; he found himself obliged to make use of the 
now ancient Alliance magneto-electric machine, as the 
only one available which could supply the alternate 
direction currents necessary for his regulator. Later oa 
Gramme devised his latest form of dynamo-machine (B, 
Pig. 2, Plate II.), to perform this duty more efficiently 
tiian did the AUiance machine ; and it is this last that 
is now almost always employed where the Jablochkoff 
iiandles are made use of as the regulator. Still more 
recently, 1878, De Meritens has devised a magneto- 
machine (Plate I., Fig. 1), a modification and improver 
ment upon the AUiance one, much reduced in size and 
weight ; and which hopes to compete with the small and 
compact dynamo-electric machines of the present day. ; 

In all these machines serving for the prodiiction of 
several lights from each, and which may therefore be 
termed ''many-light'' machines, it has been found most 
convenient to construct them so as to give off currents 



1 



10 ELECTBIO LIGHTING. 

alternating in direction ; "which in practice seem more suit- 
able for the steady continuance of several lights, than do 
those currents which are continuous in direction. 
r Electric lighting, it will readily be seen, has only attained 
to its present development by certain marked stages of 
progress ; eiwh period represented by clearly defined and 
distinctive characteristics, both in the apparatus employed 
and in the use to which they were applied. 

These stages may be briefly described as — 

1st. That of lighthouse illumination by the Holmes and 
by the Alliance magneto^lectric machines, giving off cur- 
Tents alternating in direction, and producing a single very 
•powerful light. 

2nd. That of dynamo-electric machines producing a 
single light each, for industrial purposes generally, in 
addition to lighthouse illumination. The Siemens, and 
the earlier Gramme, are the best known in Europe of these 
machines ; while the Wallace-Farmer and the Brush claim 
most attention in the United States. 

3rd. That of machines both of magneto and of dynamo 
construction, and generally (though not necessarily) giving 
off alternate-direction currents; and which afford facilities, 
if provided with suitable lamps, for the production of a 
number of lights from each machine. Besides the already- 
tiamed Holmes and Alliance machines, and their recent 
and more compact successor, the De Meritens (all being of 
magneto construction), there are the Lontin (double), and 
the Gramme (double), which also effect this much-desire^ 
object. In all these machines the current given off is 
alternating in direction. The two last-named machines, 
though dynamo in construction and in principle, are by 
some persons classe^d as magneto-machines in their opera- 
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tion, inasmuch as the initial or generating machine of 
(each maker acts like a permanent magnet to its second or 
diTiding machine, and affords to it a supply of electricity. 
StiU, it may be replied, while the "generator" in each 
case most certainly acts on the dynamo principle, the 
*' divider " does so also, as it greatly augments the electric 
current received from the former before it delivers it as its 
final outputs Wilde has also devised a single machine of 
*' dynamo" construction (Plate I., Fig. 2); which also 
carries out the augmentation of the electric current, the 
principle of his earlier " magneto " machine. 

In order to test the relative efficiency of certain electric- 
light machines for Hghthouse illumination, a series of expo* 
riments were made by the Trinity House at the South Fore- 
land Lighthouse. They were carefully devised and carried 
out in 1876-7 by their engineer, Mr. James N. Douglass. 
They consisted in comparative trials between the Holmes^ 
the Alliance, the Gramme (early model dynamormachine 
with two coils), and the Siemens machines ; the two first* 
named representing the old obsolete magneto-electric ma* 
^ines, and the last-named the dynamo-electric form of 
construction. The Siemens machine was considered to have 
performed the best ; a result which ought not to excite 
surprise when placed in such company. Though the imr- 
proved dynamo-electric Gramme (the single-coil one, 
described farther on) was not experimented upon in the 
trials, Mr, Douglass at the end of his Beport refers to an 
inspection which he. made in Paris of the performance of 
one of these machines (type **A"); he did not, however, 
Consider it superior to the Siemens machine (type "B")» 
corresponding to it in size. These experiments are very 
important; as they afibrd a means of comparison between 
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the efficiency of the first class of electric-light machined^ 
the magneto-electric, and those of the second class, the 
dynamo-electric. 

The yalne of this comparison has been still farther 
enhanced by the experiments of the Committee of the 
Franklin Institute in Philadielphia, on dynamo-electric 
machines, carried out in 1877-8, and recently mado 
public. They had under comparison the Gramme (type 
"A"), the Brush (large and small size), and the Wallace-^ 
Farmer (large and small size). Preference is finally given 
to the small Brush oyer the Gramme, which is admitted 
to have run it very close. The grounds for the preference 
seem, however, somewhat paradoxical. 

In the following chapters a few of the machines, as alsa 
of the lamps, most employed in electric illumination will 
be noticed; together with some observations as to the 
carbons used, and likewise respecting the motive power 
required. These will be followed by some remarks on the 
luminous intensity of some of the forms of electric illumi-* 
nation, pointing out some of the distinctive peculiarities of 
each ; and by certain examples of practical applications^ 
together with their financial and economic results. 
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ELECTEIC-IilGHT MACHINES. 



Magneto-eleotbio Machinbs. — The earliest forms of 
electric-light machines were constructed, as has heen seen, 
with permanent magnets of steel. They were made by 
Holmes in London for the English lighthouses at the 
South Foreland near Dover, and at Souter Point in 
Durham ; and by the Alliance Company in Paris for the 
French lighthouses at Cape La Hfeve near to Havre, and 
at Cape Grisnez not far from Calais, and also for those in 
£ussia at Odessa, and at Port Said, the entrance to the 
Suez Canal. They are all so similar in construction, that 
one description will serve for them all, and which the 
drawing in the frontispiece will serve to illustrate. 

The Holmes-Alliance Maehines. — The machine at Cape 
La Heve (constructed by the Alliance Company) has on 
each east round frame eight rows of compound horse-shoe 
magnets fixed symmetrically. There are seven of these 
frames each separated from the next by a space. Within 
the six intervening spaces are placed six wheels, each 
carrying at its circumference sixteen coils, corresponding 
to the poles in each circular set. Each soft-iron core has 
its magnetism consequently reversed sixteen times during 
each revolution by the influence of the sixteen successive 
pairs of poles between which it passes, causing the same 
number of currents in alternate directions to be generated 
in the coils. These currents are transmitted unchanged 
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to the carbon points, the positive ones being collected on 
the axis of the machine ; while a concentric, but insulated 
cylinder is used for the negative ones. 

This machine is large and cumbrous, being 5 feet 3 
inches long, 4 feet 4 inches wide, and 5 feet high; it 
weighs about 2 tons, and cost 450Z, Its illuminating 
power, when driven at a sp^ of 400 revolutions per 
minute, from a steam engine of 8 H.P., with an 
^penditure of somewhat over 3 indicated horse^power, is 
about that of 2000 standard sperm candles per hour. 
Two complete apparatus and engine, as just described, are 
provided at Gape La H^ve ; one for the northern and one 
for the southern lighthouse* 

The use of the large, old-&shioned, and comparatively 
weak machines of this Holmes-Alliance stage may be said 
to have passed away, being only retained in the light- 
houses above mentioned. Their only recent application, 
and that was but Of short duration, was to provide the 
altemate-dijrection currents necessary for the Jablochkoff 
candles when first introduced ; and until M. Gramme had 
devised a suitable machine for their proper supply. 

The De Merttens Machme. — Quite lately, however, a 
modified form of machine, much reduced in size and 
weight, haa been designed by M. de Meritens ; in order 
to compete with the small and compact dynamo-electric 
machines of the present day. It consists (Plate I., 
Fig. 1) of eight compound horse-shoe magnets, arranged 
lengthwise around, and resting across two circular frames. 
Before the ends of these magnets rotates a wheel of light 
construction, having a series of sixteen flat-shaped coils 
arranged upon its' periphery ; the cores of each coil being 
composed of no less than fifty thin wrought-iron plates^ 
The compound t^ shaped cores of these coils, when placed 
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end to end, though insulated from each other, but with 
a copper pin between each pan*, and arranged round the 
periphery of the wheel frame, really form themselves into 
one continuous annular core, Hke that of the coil in the 
Gramme machine. Owing, however, to the comparative 
shortness of each De Meritens coil^ and to its being in* 
sulated from its neighbours, currents of opposite nature 
(occasioned by the reversals, when passing severaUy in 
front of the dijQTerent poles) are not, to any extent, set up 
in the cores of the coils ; as is said to be the case in the 
continuous annular core of the Gramme coil. 

There remains^ also, with them the great advantage^ 
that the coiling, instead of being effected upon a sohd 
and continuous ring (which is found in practice to entail 
considerable inconvenience), is done upon the small com- 
pound plate-core belonging to that particular segment; 
which can easily be removed from the general ring for 
this purpose, as also for any other repairs. No commu-* 
tator or collector is required with the machine* 

The De Meritens machine claims to unite in itself, in itd 
action, not merely the alternately reversing currents of the 
magneto Alliance machines, but also those induced by the 
arrangement of the Gramme coil. The result of this com- 
bination reduces the necessary motive power to nearly one- 
fifth of what, is required in either the magneto machines 
of the AlUance Company, and to much less than in most 
of the dynamo machines ; likewise very little heating 
occurs, though the machine is driven at a very consider* 
able speed. 

DiNAMO-BLBCTBio MACHINES. — The vory important 
discovery in 1867 of the principle of reaction between 
electro-magnets, and the gradual augmentation in the in- 
tensity of the electric current by these repeated passes, 
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0odn led to abandonment of the large, costly, permanent 
fiteel magnets which had been used as a storehouse 
whence to draw the electric current; their place being 
taken by small, compact, and comparatiyely inexpensiye 
electro-magnets. These, though very weak in their initial 
action, were soon by reacting on one another worked up to 
a much higher electrical efficiency than would have been 
produced from permanent magnets of a much larger size. 
The natural result was an electrical machine much smaller^ 
more compact, and more economical. 

Though more powerful, bulk for bulk, these " dynamo " 
machines are subject to certain irregularities in the output 
rf the electric current; and also, a? times, to considerable 
heating of the coils, due probably to the very great 
internal resistances developed in them, and which render 
^his class of machines liable to interraptions in working. 
^' Magneto " machines are considered by some to work with 
more regularity and steadiness in the current generated^ 
and with much less chance of a cessation in their working ; 
a quality which may, in some cases, more than compensate 
for their extra size and costliness. Against them, however, 
it may be urged, that the permanent magnets gradually 
deteriorate and lose a portion of their magnetic power. 
Where the machine is used regularly, night after night, as 
in lighthouses, this does not amount to much ; but when 
the illumination is liable to suspension for a lengthy period, 
as during the summer months, the loss during this period 
jnay become a serious inconvenience. This loss, however, 
is stoutly denied by some ; as the deterioration, they say, 
can be rectified by half an hour's working of the machine. 

Of electric-light machines of " dynamo " construction, 
the following are among some of the best known and the 
most extensively used, in this country at least 
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The Siemens Machine (Plate I., Fig. 3). — It consists of 
an induction coil, with the convolutions of the copper wire: 
wound lengthwise with the cylinder, in the form known as 
the modified Siemens armature. The coil is made to 
revolve by mechanical means between curved iron bars, 
which are the prolongation of the cores of large flat 
electro-magnets placed on either side of the induction coil ; 
the north pole of the Eystem being midway between the 
two upper electro-magnets and directly over the axis of the 
coil, and the south pole in a similar position below the 
axis upon the bar between the lower magnets. 

The portion of the coil« which during its revolution is 
travelling downwards, has (with the above arrangement) 
positive currents induced in it ; while the ascending half 
of the coil is subjected to negative currents, but both in 
the same direction as regards circuit. The arrange- 
ment of the poles may, however, be exactly the reverse of 
the above. 



The Siemens machine \ 
is, as stated by the I A 
makers, usually made ) B 
in the- following sizes I G 
and capacities, viz. . . / 



Bevolutions 

per 

Minute. 



850 
650 
860 



lUumlDating 

Power, 

Standanl 

CaDdles. 



1,200 

6,000 

14,000 



Actual 
Horse- 
power 
absorbed. 



2 
4 

8 



Weight. 



cwt. qrs. 

2 2 

3 3 
11 2 



The machine represented in the diagram is the type 
" B," of 6000 standard candles nominal power. 

The light at the Lizard Lighthouse is produced by a 
Siemens machine and lamp. Many other appHcations of 
this system for industrial and military purposes exist in 
this country and on the Continent* 
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The Gramme Machine. — This machine in its earliest 
development was composed of round electro-magnet bars 
placed vertically, with double induction coils, one of which 
served to react upon the magnets ; as previously referred 
to in Chapter I. Its very existence is nearly forgptten ; 
and it is referred to here merely to mention that this 
is the form of Gramme which in the Trinity House 
experiments was pitted against the Holmes, the Alliance, 
and the Siemens just described. 

The type of Gramme here about to be described is the 
second form, with a single induction coil, and supplying a 
continuous-direction current to a single light ; a machine 
very similar in construction and principle to the Siemens 
one just described. It is the machine referred to by 
Mr. Douglass, in the concluding paragraphs of his Keport 
upon the Trinity House experiments at the South Fore- 
land, as having been the object of his special visit to 
Paris. 

It is composed (Plate II., A, Fig. 2) of an induction coil 
having for its core a ring or cylinder of soft iron, which is 
made to revolve mechanically between two round bars, each 
forming the core of a pair of electro-magnets. These bars 
are placed one directly over, the other beneath the axis of 
the coil and lengthwise with it. Each bar extends from 
one cast end-frame piece to the other side of the machine ; 
while its middle is clipped by a sort of ring of cast iron, 
which serves to divide the coUs wound upon the half ba^ 
on either side of it, and thus formihg them into two 
electro-magnets. These are so arranged, that the pair on 
each bar have like poles next to each other at the centre 
next to the cast ring, which serves as a double pole to 
convey the combined electricity to the revolving induction 
coU, by means of its jaw-like projections which are splayed 
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over the coil, bo as to embrace it as closely as possible 
without touching it. 

As in the Siemens machine, the double pole of the 
upper bar is opposite in character to that of the lower one. 
Similarly also are the induced currents in the descending 
half of the revolving coil like in nature to the upper pole ; 
while those in the ascending half follow tha lower pole. 
Two brushes, tangent to a circular commutator, placed on 
the induction coil shaft, carry off the electricity in one con^ 
tinuous direction. 





Revolu- 
tions 
per 
Minute. 


Illuminating 

Power, 

Standard 

Candles. 


Actual 
Horse- 
power 
required. 


Weight 


Cost 


1 

The Gramme machine\ 
is stated liy the makers 1 M 
to be usually made in ) A 
the followingsizes and 1 C 

. capacities, viz / 


1,600 
900 
700 


2,000 

6,000 

15,000 


5 


cwt. qrs. 

1 2 
8 3 
8 


£ 

70 
100 
300 



The machine shown in the drawings is the type "A" 
of 6000 candles illuminating power, and it is the one 
generally made use of in industrial works and other similar 
applications. 

In France a number of industrial works, such as spinning 
and weaving mills, ironworks, open yards, and railway 
^ stati. h.; Ue. m ,^«1 by . .™l»r 5 
single-light Gramme machines. The result has been gene- 
rally satis&ctory ; but the expense must be greater in 
each case than if the same number of lights were supplied 
from a single machine. 

The Wilde Machine, — This must not be confounded 
with the machine first referred to under this name in the 
preceding chapter ; where small steel permanent magnets 
with a Siemens armature reyolying between them, passed 

2 
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a current through electro-magnets to a second Siemens 
coil, and so to be utilized. 

Wilde's '^ dynamo " machine (Plate I., Fig. 2) consists of 
two cast-iron circular frames, placed yertically and kept the 
requisite distance apart by stay rods. On the inside fiEtce of 
each disc, and consequently opposite to one another, are 
fastened at equal distances round each periphery the ends of 
sixteen round bar electro-magnets, which project out length- 
ways into the space between the circular frames ; each set 
nearly closing up the space between the frames. ' In the 
central interval which is left, is placed yertically a round 
cast-iron disc, keyed upon a shaft running through bearings 
in the centre of each of the circular frames, and projecting 
beyond them, to carry the necessary driving pulleys, com- 
mutators, &c Through this round rotating cast-iron disc 
are passed sixteen soft iron cores, projecting on either side 
of it up to the ends of the fixed electro-magnets already re- 
ferred to, and corresponding in position upon the disc to 
theirs upon their respective frames. The portion of each 
core upon either side of the disc has its separate coil of 
wire upon it. 

Thus upon each side of the rotating disc is a series of 
sixteen fixed electro-magnets, and of a similar number of 
revolving induction coils. The two halves into which the 
machine is thus divided may be kept perfectly distinct; 
a portion of the coils serving to react upon certain of the 
magnets, and to pass the augmented current on to the 
other portion, whence it ia utilized in the manner required. 

Tlie Wallace-Farmer Machine. — This machine, known 
and used in the United States for some time back, is 
gradually coming into application in this country. It is 
shown in Plate I., Fig. 5. It presents^ in appearance at 
least, some similarity to the Wilde machine. Upon its 
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central rotating cast-iron disc it carries, projecting on 
either side, twelve double coils ; while the fixed electro^ 
magnets are but two in number, projecting from each end- 
frame, somewhat as in the Gramme machine. The upper 
pair of electro-magnet bars have their oppositis poles &cing 
the central rotating coils ; as have also the lower pair of 
electro-magnet bars, except that the pole exposed in the 
lower bar is the reverse of that in the upper bar imme- 
diately over it. By this arrangement the machine ifii 
practically a double one ; each half with its commutator 
being capable of being used independently of the other. 

The Brush Machine^ though used in the United States, 
is not so far known in this country. It is the machine 
to which the committee of the Franklin Institute last year 
in their' report *' On Dynamo-electric Machines," after a 
lengthened series of experiments, gave the preference over 
the '* Gramme " and the " Wallace-Farmer " machines. The 
diagram (Plate I., Fig. 4) is taken from the above report. 
The Brush machine is composed of a pair of fixed horse- 
shoe electro-magnets placed with their like poles facing 
each other, with a circular armature rotating between them. 
This ring is not coiled continuously, as in the Gramme 
coil, but in portions, leaving alternate uncovered spaces 
between each segment, which are covered by iron ex- 
tensions from the ring ; as in the Pacinotti machine, to 
which it is said to bear some resemblance. The two 
upper electro-magnet bars have their like poles hicmg the 
central rotating coil; while in the lower bars they are 
also similar to one another but opposite in character to 
those of the upper bars ; each pair of bars thus practically 
forms extended poles of opposite character. 

The preceding '* dynamo " machines may be classed as 
belonging to what is termed .'' single-light " machines; 
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the sole utilization of the current generated being the 
production in actual practice of a single light. Although 
certain attempts, especially with the three last-named 
machines, have been made, and it is said vdth a fair 
amount of success, to support a series of lights from 
them, yet these trials can hardly be said to have passed 
into the domain of practical application. 

The "dynamo" machines, which are about to be de^ 
scribed, have feirly earned for themselves by aclmal aiid 
regular working for a long period the title of ''many- 
light" machines. This is shared, however, also by the 
" magneto " machines of the Holmes-Alliance form, and by 
the De Meritena, their more compact successor. The dis- 
tinguishing feature of the Lontin, and of the Gtmmme 
" many-light " machines, is that they are practically two 
machines ; though perhaps under certain circumstances 
and with due proportions, the two might be combined upon 
one frame. 

The Lontin Machine. — M. Lontin, unlike M. Jabloch- 
kofif and M. Gramme, each of whom attacked only a portion 
of the question of the divisibility of the light, has boldly 
feiced the entire of the difficulty, including the lamps or 
regulators, and has offered a very satisfia.ctory solution of 
each part of it. He has designed a special form of machine, 
or rather two distinct machines, to effect the object de- 
sired. In the first (marked A on Fig. 1, Plate II.), which 
may be termed the ** generating " machine, the electric 
currents, feeble in intensity, are excited ; they are passed 
off in one continuous direction to the second or *' dividing " 
machine (marked B), which, after greatly augmenting 
their intensity, permits of their being collected from off its 
exterior casing, in a form divided and subdivided almost at 
will, and alternating in direction ; this last being, in his 
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opinion, the description of current most suited for giving a 
pure, steady light, and one not subject to reproduce sym- 
pathetically the disturbances occurring in other lights 
which are on the same circuit. The latter object M. 
Lontin effects with several forms of lamp, some being 
modifications of other systems, while others are entirely 
original in their mechanism and regulating apparatus. 

The " generating " machine (A) consists of a horse-shoe 
electro-magnet, having its two arms placed vertically np- 
wards. Between these arms rotates an induction coil, in 
form like a pinion ; the cyHndrical teeth, round which the 
coils are made, are fixed radially into a core or revolving 
axle of soft iron. A number of these pinions, proportionate 
to the required strength of the machine, are added side by 
side on the core, each pinion formmg a complete circuit of 
itself. In the arrangement of these pinions upon the core 
common to all, it will 1)e noticed that the corresponding 
teeth of these several pinions are not ranged in a hori- 
zontal line lengthwise along the revolving shaft, but in 
a spiral. By this means any interruption or interval, 
between the passage before the poles of the electro-magnet 
of one set of teeth of the induction coil and that of the 
succeeding set, is avoided. Two friction rods collect one 
the positive, the other the negative currents, which are 
passed off through the coils of the electro-magnet, thereby 
intensifying its action ; and so in one continuous direction 
to the second machine. 

This second or " dividing " machine (marked B on the 
drawings) consists of a revolving drum carrying, fixed ex- 
teriorly like the spokes of a wheel, a series of electro- 
magnets; into the coils of which ijie currents from the 
'^generating" machine (A) are ;(^assed, and which are 
always kept thereby in magnetic saturation. This mag- 
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netic wheel revolves within a fixed wrbnght-iron cylinder, 
having on its inside a number of induction coils cor- 
responding to that of the radial spokes in the revolving 
wheel. The coils of these spokes are all coupled together, 
hut in such a manner that while one spoke-magnet has 
its positive pole at the outside extremity next to the 
induction coils, the succeeding spoke will present at the 
outside end its negative one; and so on are the spokes 
made to alternate in their poles round the circumference of 
the revolving wheel. The result is that the latter during 
its passage induces a number of currents alternate in direc- 
tion, and equal in number to half that of the spokes. 
Each of these currents is collected directly and separately 
upon the fixed exterior drum, and conveyed to a manipn^ 
lating frame outside, where by suitable arrangements the 
various elementary currents may be coupled and combined 
together in one, or in any desired number of circuits. 

The apparatus in the drawing having twenty-four spokes, 
can. by coupling them in pairs, produce twelve circuits, or 
any lesser number which may be desired. And further^ 
more, the entire of the current of each circuit may be 
devoted to a single lamp, or to the production of a series 
of as many lights as it can support. Facts which seem 
to indicate that an electric supply may be broken up 
and divided into a series of separate lights, where the 
number as well as the luminous power of each can be 
varied at will, only limited by the powers of production of 
the machine. 

The double Lontin machine shown in the diagrams is 
of the type stated as capable of supplying a total illumi- 
nating power of 12,000 standard candles, if the generating 
machine is driven at 320 revolutions per minute, and the 
distributing at about 360 ; but a much larger illuminating 
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power may be obtained if driven at a proportionately 
higher speed. The usual motor for this sized machine 
is an engine of 10 horse-power nominal ; the number of 
lights generally produced, as at the Western Eailway 
Teminua in Paris, varying from six to twelve. But as 
many as twenty-eight have been suppUed regularly from 
a single generating machine at the Lyons Bailway Station 
in Paris, supplying two dividing machines; and where a 
higher rate of production than the above was required. 

The Gramme " Dividing " Machine (marked B, Fig. 2, 
Plate II.). — Beference was made a short time back to this 
the latest development of this machine. 

To relieve M. Jablochkoff from the necessity of making 
use of the cumbrous and comparatively weak AUiance ma- 
chine, and yet to afford a supply of alternating-direction 
currents, M. Gramme lately devised this machine to be 

and marked A) serving as a '^ generator " for this current 
The arrangement and the combination arrived at has a 
strong resemblance (superficially at least) to that previously 
arrived at by M. Lontin. 

. The machine (B) consists of a revolving cast-iron drum 
on a steel shaft, having eight electro-magnet flat bars 
placed radially like the spokes of a wheel ; to this revolving 
system is suppUed the electricity generated in one con-, 
iinuous direction by the generating machine (A). Upon 
a soft-iron cylinder, fixed exteriorly to this magnetic 
wheel, are wound a series of coils lengthwise with the 
barrel, and dividing up the entire cylinder into a number 
of segments — 32 in the present instance; the current 
being taken directly and separately from each of these 
segments to form one or more circuits as desired; 32 
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being thie Tnaximnin number in the above machine, thongh 
these are in practice coupled together so as to be reduced 
to four. The luminous intensity of this machine is of 
the type known as of 16,000 candles. As applied, in light- 
ing a portion of the Avenue de TOpera in Paris, to 16 
Jablochkoff candles, it is driven at 650 revolutions per 
minute, by an engine of 20 nominal horse-power. 
. Sienlenshasal^devisedanaltemate^nrr^t-dividing" 
machine, which is similar in principle, it is understood, to 
the corresponding portion of the Gramme machine, though 
in appearance it reeemhlee the Wilde. The single-light 
Siemens, already described, is used as a " generator " of 
the current 

Before concluding this brief notice of some of the electric^ 
light machines, it may not be out of place to advert to 
• head di*;o«»u wbich .t ,^ie^ temporary 
though it may be, between the machines, of '^ dynamo " 
construction at least, which are used for the production of 
a single light, and those which supply many lighte; 
whether these latter machines be constructed with per- 
manent or with electro-magnets. While the former, the 
Bingle-Ught machines, give off continuous-direction currents, 
the many-light ones, at least those which have been 
BUCcessfuUy applied for any length of time, invariably 
make use of alternate-direction currents. Although it is 
admitted on all sides that several lights can be maintained 
on the same circuit with continuous-direction currents, yet 
it is a singular fiEu^t, that in actual practice alternate-direo* 
iion currents are always had recourse to where a number 
of hghts are required from one machine. Perhaps the 
latest example of this is the Bapieff, which began with the 
continuous-current Gramme; but which in regular work 
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in the Times office abandoned that machine for the alter- 
nate-direction ** dividing " one of the same maker. 

Perhaps there may be something in the incessant re- 
versals of the current^ in what is termed the alternate 
direction, which may tend to cause ,a steadier and more 
equable flow, and oL less liable to rushes and irregu- 
larities than with continuous currents. 

Much stress is laid by some upon the loss of electricity 
through these constant reversals ; and upon the consequent 
electrical economy of a continuous-direction current. From 
the gradual experience of practice with alternate-direction 
currents, and the use of longer circuits and more lights 
upon ea<5h (both of which circumstances are supposed to 
add to the loss), this diminution would appear to be con- 
siderably smaUer thau many imagine it to be. The diffi- 
culty of measuring exactly theT alternating currents, 
where a galvanometer cannot be employed as with a con- 
tinuous-direction current, tends to add to this uncertainty. 

Theoretically, the most economical machine for support- 
ing a number of lights ought to be a single (not a double) 
one, and one making use of continuous-direction currents. 
The solution of the problem, in this last sense; has been 
reached satisfactorily, as far as single lights upon each 
circuit are concerned. Its further extension to a number 
of lights may be found to depend more upon the lamp, or 
regulating apparatus, than upon the machine. 
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CHAPTEE III. 

LAUPS Ain> B^UIATOBS. 

The substance, first found by Sir Humphrey Davy, and 
employed almost exdusively ever since, aa sufficiently re- 
fractory to form the terminal points of the interruption in 
the electric circuit, between which points the electric light 
is produced, is carbon. As this material undergoes waste 
by combustion, it is necessary to devise some means by 
which the ends of the carbon sticks shall be continually 
kept the requisite distance apart; neither more nor less. 
If this distance is nicely adjusted to the length of the arc 
which is most suitable to the strength of the particular 
current employed, almost the entire of the light is emitted 
from the voltaic arc formed in the space intermediate 
between the carbon points. But little effect is visible upon 
either carbon rod; each being rendered incandescent for 
only a very short and imperceptible distance back from the 
carbon points. This, the most general form of illumina- 
tion, is termed the voltaic are. 

If, however, the distance between the electrodes is made 
less than the length of the voltaic arc most suited to the 
strength of the particular current, or if the current be of 
an insufficiently high tension to support a voltaic arc of 
notable dimensions, then a portion of the force of this 
electric current seems to find vent for itself by illumi- 
nating, or rendering incandescent, the positive carbon 
(the incoming-current one, when the direction is constant) 
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f6r a very noticeable distance backwards from its point. 
This is termed illmuination by ineandeacence. 

Some substances, however, such as platinum, iridium, 
kaolin, are rendered incandescent without any rupture or 
break in the body ; which itself is of such a non-conducting 
nature as to offer sufficient resistance to the electric current 
to cause its entire mass itself to become incandescent. 
In the following remarks, in this chapter, the phenomena 
connected with the use of carbon only will be considered ; 
since this is the sole substance which is generally and 
commercially applied, at present at least, for the composi- 
tion of the electrodes in electric illumination. 

The apparatus devised to hold these carbons, whether 
in sticks or in plates, may be, in a general way, termed 
lamps. But these must be divided into two broad divi- 
sions; according to whether the carbons are movable 
and. require some mechanism to regulate the movement 
suitably to the rate of combustion, or whether the carbons 
are fixed, and consequently can dispense with any such 
mechanism. In the former case they are termed reffVr 
lators; for the latter ^^ candles*' has been used, and not 
inaptly. This last expression is of but recent date, as a 
fixed arrangement of the carbons has only lately come 
into use, and even yet its ultimate adoption in practice is 
still an open question. 

Eegulatoks. — ^The duty to be performed by these small 
apparatus is of a very important, delicate, and complicated 
character; so important, that unless the regulator fully 
compUes constantly and continuously with the conditions 
imposed upon it, it completely stultifies the regular supply 
of the electric current which a machine of excellent quaUty 
may afford to it. Amongst the duties which these appa- 
ratus are expected to perform are : — 
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1. The regular and gradual approach of the carbons 
according to rate of combustion ; and therefore a progress 
varying not merely with the strength of the current but 
also with the nature of the supply, whether in one con* 
tinuous direction, or whether alternating in direction. 

2. The approach and separation of the carbon points to 
create the electric spark in the first instance, and then to 
counteract the ever-varying irregularities of the strength 
and supply of the current dnrmg the period of iUumination ; 
and also to prevent these irregularities being felt beyond the 
lamp itself (a most important and essential point where 
several lights exist on one circuit). 

3. The normal separation of the carbons according to the 
desired length of the voltaic arc, which is deemed suitable 
to the strength of the current employed. 

The first-named duty is performed, in most apparatus, 
either partly or wholly by gravity, which necessitates 
the carbons being placed over one another. In some 
of the most recent forms, however, the carbons can be 
placed horizontally, or in any other position, and either 
in a direct line opposed to each other, or inclined towards 
one another, their approach being effected by mechanical 
action. The second set of duties are carried out almost 
universally by means of electro-magnets and armatures, 
contained generally in the base of the apparatus. The 
third duty is performed ordinarily by adjustment screws 
placed on the attachment of the carbon-holders, and which 
can be made to raise or depress the carbons at will, even 
during the period of iUumination. 

Of the earlier forms of lamp the most ingenious, those 
of Duboscq and of Foucault, though wonderfully sensitive 
and delicate, are now chiefly in vogue for laboratory ex- 
periments, for which th^e qualities render them especially 
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qualified. In the actual applications to illumination that 
of Serrin is perhaps at present the most in use^ where 
single lights only are desired from a machine^ being 
simpler in constmction than the two preceding and less 
liable to get out of order with rough usage. Besides 
being extensively used, this lamp may be considered as 
a type of a particular class ; it is therefore here briefly 
described. 

The Serrin Begvlator. — In it (Plate III, Pig. 1) the 
carbons are placed vertically over one another, the upper 
carbon being made to travel by means of a rack and pinion 
attached to the bottom of its holder, and driven by a 
spring which is controlled by an electro-magnet placed 
in the base of the lamp. 1^ electro-magnet, according 
to the force of the current passing into it from the main 
current, also attracts or rejects an armature, the effect of 
this oscillating movement being to cause the lower carbon- 
holder to rise or £edl, according to the irregularities in the 
strength of the main current, which is itself producing the 
voltaic arc. The normal separation of the carbon points, 
to suit any required length of arc, is effected by raising or 
depressing the upper carbon-holder, by means of the screw 
placed at the top of its up^ght, where the horizontal arm 
is hinged. 

This lamp, in the form and dimensions usually con- 
structed by Serrin, admits of carbons which last only for 
about three and a half hours* consumption on an average. 
A modification of the lamp by Smsse allows, however, of 
carbons of sufficient length for twelve, and even sixteen 
hours', continuous burning without renewal; a fact of 
very considerable importance where the illumination is 
intended to last throughout the entire night. By a 
simple expedient, Suisse allows the rod of the upper 
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carlion-holder to pass downwards through the bottom of 
the lamp-box; thereby avoiding the very inconvenient 
height which the lamp would otherwise assume through 
the much augmented length of the carbon rods. Gene- 
rally, the lower carbon-holder is fixed, and consequently 
the luminous point descends with the rate of consumption 
of the lower carbon ; a circumstance which is not found to 
entail any inconvenience worth mentioning in the majority 
of cases in actual illumination. If, however, it is desired 
to have the luminous point constant in one spot, this is 
readily effected, in some of the lamps, by making the lower 
carbon-holder movable ; working upwards by means of a 
rack and pinion motion. Again, some of these lamps are 
constructed for naval use ; so as to counteract the oscil- 
lations in position of the vessel, and to allow the lamp 
to retain its vertical position. 

All these forms of the Serrin lamp may be adapted 
either to a ** continuous," or to an ** alternate" direction 
electric current. With them, however, no more than one 
lamp at a time can be used upon a circuit ; the electro- 
magnet arrangement used not being sufficiently dehcate to 
effectually suppress the irregularities transmitted by the 
current from passing from the first to the secotid lamp 
upon the circuit; the result in them being a recipro- 
cating (in and out) action of the two lights. Lontin, 
however, desiring to retain the use of the Serrin lamp 
with his many-light machines, has remedied the defect 
just mentioned. The change, though sUght in appear- 
ance, is a very radical alteration ; it is so great that it 
actually inverts the action of this delicate portion of the 
Serrin apparatus in its original ; interrupting the current 
where there was previously admission, and vice versa. He 
makes use of two electro-magnets, in lieu of the one of the 
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Serrin ; and, moreover, while the latter is placed upon the 
main current of the circuit, by the Lontin arrangement 
the lamp is upon a branch or shunt. 

Ths Siemens {or Rdfner'Alteneck) Beffulator. — This 
instrument is extensively in use in Germany and in this 
country. In it (Plate III., Fig. 4) the two carbon-holders 
work together by means of a double pinion acting upon 
the rack of each holder. The large wheel actuates another 
pinion and wheel, which again sets in motion a third 
system ; this last may be stopped or released by the move- 
ments of the prolonged upper end of an armature, acted 
upon by an electro-magnet in the base of the instrument. 
When the current becomes too strong, and the carbon 
points too near, the armature is attracted by the magnet ; 
and the carbons are caused to separate. The second- 
named pinion gear, meanwhile, being allowed to act upon 
the first-named set, and so upon the carbon-holders. 

This lamp, which may be arranged to smt either 
^'continuous" or "alternate" direction currents, though 
it generaUy happens to be used with ttie former, is said to 
work very regularly : it furthermore is simple in construc- 
tion, and can readily be kept clean and in good order. 

The Lontin RegulatorB, — In the early stages, M. 
Lontin made use of the Serrin lamp, and indeed he does 
so largely still in certain cases, with the very ingenious 
modification of his own just referred to. He has latterly 
introduced two other forms of regulator, which have the 
two advantages of being independent of any particular 
position (the action of gravity being entirely dispensed 
with), and of allowing any length of carbon being used, 
and of providing therefore for any ordinary period of illu- 
mination without the necessity of a fresh supply of car- 
bons. In one of these regulators, the travel of the carbons 
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is effected by means of two endless screws with threads in 
opposite directions, one to each carbon-holder, which are 
thus caused to progress ; the action of an electro-magnet 
causes, these screws to revolve when required to do so. In 
the other regulator (the Mersanne, Plate II., Fig. 9), an 
electro-magnet causes a round bar running lengthwise 
with the carbons to revolve, which motion is imparted 
by means of bevelled gearing to small wheels at the ex- 
tremity of the carbon-holders, and so propels the carbons 
gradually forward. These carbon-holders are fixed at about 
two inches from the carbon point, and the resistance which 
each current has to encounter is limited therefore to that 
due to this length, irrespective of that of the carbon. 

The Bapieff Lamp. — ^This form of regulator has attained 
a certain amount of notoriety in this country, apart from 
its intrinsic merits, which appear to be considerable ; owing 
partly to its striking and original external arrangement, 
and partly to the fact that it has been already adopted in 
practice in a well-known commercial establishment, the 
printing office of the * Times' newspaper in London. 

The vertical arrangement of the carbons is retained in 
this regulator (Plate III., Fig. 8); but each carbon is, 
as it were, split in two lengthwise,, and the halves placed 
relatively to each other in the form of a V, approaching 
each other only at the point of illumination. Any one 
of the carbons, it may be urged, may thus be removed for 
renewal without extinguishing or interrupting the light. 
Each of the carbons passes through a holder, with a 
small guiding wheel, at a point about two inches from the 
luminous point, whatever the entire length of the carbon. 
As it is at this point that the electric current enters the 
carbon, the total resistance the former experiences in its 
passage to the luminous point is due to the intervening 
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two inches of carbon only, irrespective of the entire length 
of the latter. This resistance is therefore uniform through- 
out the entire time of combustion. The last advantage is 
likewise shared, as already seen, by the '^ horizontal " regu- 
lator of M. Lontin, where each carbon is gripped at a short 
distance from the luminous point, and independent of the 
length of the carbon. 

The gradual progression of the carbons towards the 
luminous point, as required by the rate of combustion, is 
effected solely by the intervention of gravity. A small 
dead weight works up and down on the two vertical guide- 
rods, from which the jaws carrying the carbons are made 
to project. The weight is connected by thin cords, working 
over small pulleys, with the end of each of the four carbons, 
and tends constantly to urge them towards the luminous 
point, the actual vertical distance by which the upper and 
lower pair of carbons shall be separated, being adjusted to 
the required length of the voltaic arc by means of a screw, 
fixed on the hinder part of the jaw which carries each pair 
of carbons, raising or depressing it vertically. This ad- 
justment can of course be made, whenever required, during 
illumination, according to the strength of the electric 
current. 

In almost all forms of regulators it has been found 
necessary to introduce some automatic arrangement, gene- 
rally by means of an electro-magnet, or a coil placed in 
the bottom of the apparatus, to compensate any irregula- 
rities in the strength of the electric current, and to separate 
the carbon points in accordance with it. Nor is an auto- 
matic arrangement of this nature wanting in the Bapieff 
regulator, to cause the necessary closing up of the carbons 
to produce lighting. The two thin flat bars of an electro- 
magnet, placed horizontally over one another, are able, by 
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reason of the play or spring in them, to approach each 
other more or less at one extremity, in keeping with the 
variations in the current. This movement is communicated 
by means of a lever to one of the vertical guide-rods 
carrying the jaw of one pair of carbons^ which latter are 
thus made to correspond to the vertical movements of the 
electro-magnet. 

In the latest forms of this lamp, a considerable modifica- 
tion has been introduced into the regulating part of the 
apparatus. Instead of one electro-magnet, two are em- 
ployed ; the main current passing through one, while the 
other, through which is the passage to the carbon points, 
is placed upon a shunt. This arrangement is somewhat 
similar to that employed in the Serrin-Lontin regulator ; 
though, it is understood, that in its action the Bapieff lamp 
has certain distinctive peculiarities not possessed by the 
other. Latterly, also, the arrangement of the carbons has 
in certain cases, where required, been modified in the 
Bapieff lamp. The upper, or positive pair of carbons in 
the drawing are replaced by a single rod of increased 
section; and the apparatus is turned upside down for 
suspension, say from a ceihng. By this means the ob- 
struction downwards to the light rays is reduced to but 
little more than the single carbon stick ; and the shadow 
cast underneath is diminished in proportion. 

The Wallace iamp.— The drawing (Plate III., Fig. 7) 
shows the improved and more compact form in which this 
regulator is made by Ladd. Its designer, Mr. Wallace, 
was also one of the inventors of the "Wallace-Farmer 
dynamo machine ; which has been already described. 

This lamp varies from all which have been so far named 
by the use of flat plates of carbon, generally from A to ^ 
of an inch in thickness, according to the nature of the 
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current and the position of each plate as an electrode. On 
the top of the brass frame is fixed Tertically, enclosed in a 
round brass box, an annular electro-magnet with a flat cir- 
cular armature plate placed horizontally beneath it. The 
rod of the upper carbon-holder passes upwards through 
both the electro-magnet and the armature. As the hole 
in the armature plate is only just large enough, when in 
a horizontal position, to allow the rod of the carbon-holder 
to pass freely through, a very sHght tilting of the former, 
when attracted by the magnet, causes it to grip the rod, 
and carry it upwards with it. As soon, however, as the 
magnet releases its hold by the cessation or the weakening 
of the current, a spiral spring wound upon the rod forces 
it down again ; and with it, for a certain distance, the arma- 
ture also. The amount of play allowed to the carbon- 
holder may be regulated to suit the required voltaic arc, 
by means of a stud and screw attached to the underside 
of the armatura The upper or movable carbon is the 
positive electrode, the current passing to it through the 
electro-magnet ; while from the lower carbon the current 
is carried through the frame to the other contact-screw. 

This lamp, so far, works only with the Wallace-Farmer 
machine, a continuous-current one ; but it is stated to be 
able to be modified to suit an alternating current also. 
The carbons, being of large area, may be made to last for 
a considerable time ; for fifty hours, or even more, it is 
said. T^eir size, however, renders it extremely difficult to 
obtain them of uniform granular texture throughout, a 
quality which it is hard to obtain even with the ordinary 
carbon in sticks. This want of homogeneity in the com- 
position of the carbons adds still more to the oscillatory 
nature of the light, which is allowed unrestrained to travel 
to and fro along the carbon edges. 
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Ijamps working hy Incandescence. — All the forms of 
regulators, which have so far been described, develop their 
light by means of the voltaic arc ; that is, where a large 
amount of electricity is absorbed, owing to the resistance 
offered by the large gap or interval between the electrodes, 
and where consequently a light of considerable intensity 
is produced. If, however, it is desired to obtain a light of 
much reduced power, and an electric current of a lesser 
tension is made use of, it is found that when the voltaic 
arc becomes so much reduced in length as to be almost, if 
not entirely, suppressed, another effect is produced ; namely, 
that a portion of the positive electrode (the one by which 
the current arrives) becomes incandescent for a short 
distance backwards from the point. 

Two forms of lamp, working in this manner and using 
carbon for their electrodes, are known in Prance and 
in this country. They are due to M. Keynier and to 
Mr. Werdermann respectively. In them, it must be re- 
membered, there is a distinct break or disconnection be- 
tween the two electrodes, and that it is not one siugle 
body which is rendered incandescent; though lamps on 
this principle, and making use of platinum, or iridium, or 
an alloy of both, may (if report speaks truly) be used 
before long in actual practice. 

The Beynier Lamp (Plate III., Fig. 5). — ^A very thin 
rod of carbon, only about one-sixteenth of an inch in 
thickness, and forming the positive electrode, is placed 
vertically above and impinging upon the outside edge of 
the negative electrode, which is a disc of carbon, about one 
inch in diameter and one quarter of the same in thickness, 
and fixed vertically. This disc is free to rotate, and so to 
aid the slightly outward thrust which the point, of the 
carbon rod exerts upon the edge of the disc, by the aid of 
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a small inclined and hinged arm pressing upon the rod 
from behind ; the object being to throw oflf from the disc 
any accumulation of carbon ash, which might otherwise 
cause an interruption in the flow of the current. The 
frame carrying the carbon disc is hinged just behind the 
standard, within which the shaft of the carbon-rod holder 
works; its slight pivoting action also aids in the above object. 
The carbon rod passes, near to its point, through a silver- 
lined collar, and it is gripped at the top in the socket of 
the projecting arm of an upright shaft, both of brass ; thiig 
last works up and down, guided by two pairs of small 
wheels, within the hollow standard, which also carries the 
frame of the carbon disc. The weight of this metal shaft 
keeps the carbon-rod point constantly pressed against the 
carbon disc. 

The electric current passes up through the body of the 
lamp, the standard, and metal carbon-holder, to the carbon 
rod ; and from the carbon disc it travels through its frame, 
insulated from the standard, and down a separate wire at 
the back to its contact screw, both of which are also insu-* 
lated from the rest of the lamp. 

Experiments in Paris would seem to show, that from 
a Gramme machine, of the single-light type, ten of these 
lamps were suppUed at one time ; each affording a light of 

about fiftv candles. This was emitted from the incan- 

» 

descent part of the carbon rod, extending upwards from 
the point nearly to the small silver-lined collar. 

The Werdermann Lamp (Plate III., Fig. 6). — Here, 
as in the preceding form of lamp, a carbon rod, of about 
one-eighth of an inch in thickness, is made use of for the 
positive electrode ; and a disc-like mass of carbon forms the 
negative electrode, though of somewhat larger dimensions 
than in the Eeynier. The carbon rod, however, is placed 
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below the disc ; the under side of which is made somewhat 
convex, to counteract the consumption, or rather the pitting, 
caused by the flame from the point of the carbon rod. No 
•amngement is oonflidered necessary to carry away the 
refuse ash, which simply is allowed to fall off the under 
side of the carbon disc. 

The only regulating arrangement provided, is that for 
the upward travel of the carbon rod, according to the rate 
of consumption. This is effected in a way somewhat similar 
to that of a candle in a carriage lamp. The bottom of the 
carbon rod rests upon a small piston, which is pressed 
upward, either by a spring, or more generally by a counter- 
weight, annular in form and working in the space outside 
the tube which contains the carbon rod and its supporting 
piston. The cords, by which hangs the counterweight, 
pass over two small pulleys at the top of the outer encasing 
tube« and they have their other ends fastened to the bottom • 
of the piston, which propels the carbon rod. The pulley- 
frame forms a sort of socket or base, upon which is placed 
a hollow copper tube, tapered to a point at the top and 
spUt in two; so that it can be gradually tightened by - 
means of a spring collar and screw, which hold the halves 
together ; the object being to relieve the carbon rod of a 
portion of the upward force of the counterweight ; so that, 
while still leaving an amount of pressure upon the carbon 
rod, it is able to obey the downward repelling tendency 
of any small voltaic arc which may be formed of sufficient 
resistance to exert the required amount of opposing force 
to the counterweight. 

The electric current has access to the carbon rod near 
to its upper end by means of the framework and the split 
copper tube; the distance traversed by the current, and 
consequently the resistance offered, being always the same 
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irrespective of the length of the carbon i:od ; while from 
the negative electrode the current passes away down the 
insulated standard, which carries the spring ring and screw 
that clip the carbon disc and support it. 

The extremely simple arrangement of this lamp is 
striking ; if, in actual practice, it be found to suffice. 

Experiments have shown that the output of a Gramme 
(double coil) electro-plating machine was sufficient to sup- 
port ten of these lamps on one circuit at the same time ; 
the illuminating power of each light being stated to be 
rather more than that of eighty standard candles. 

Candles. — This term, as already stated, is here applied 
' to those forms of lamps where the carbons are fixed in 
position, so far as to dispense with any regulating appa- 
ratus to control the travel required by the consumption of 
the carbons. In some, however, of the forms about to be 
referred to, a slight amount of movement is provided for. 
With this class of burner, if the two carbon sticks are 
made of similar section, as it is almost always the case, an 
alternating-direction current must be made use of, so as 
to ensure an equal rate of combustion for both carbons. 

Ths Jallochkoff Candle.— A " candle " (Plate III., Fig. 2) 
consists of two cyUndrical sticks of the carbon ordinarily 
in use for electric lighting, each about ^ inch in diameter 
and 10 inches long ; they are placed vertically alongside of 
one another, with a space of ^^ inch between them. This 
interval is filled in with plaster of Paris (sulphate of lime) ; 
though at first kaolin, or china day, was used for the 
purpose. 

M. JablochkoflTs idea in this arrangement was evidently 
a desire to dispense with the delicate mechanism in use in 
the ordin9,ry regulator (such as in the Serrin lamp), in 
order to keep the carbon points sufficiently near to one 
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another to allow of the voltaic arc being properly formed 
between them. This he effects by placing the two carbons 
alongside of one another ; but with an insulating substance 
between them, and at a distance sufficient to prevent the 
electric spark passing directly from one carbon to the 
other. 

Before lighting, there is laid horizontally on the top of 
the candle across the plaster a small bit of carbon, to lead 
the electric current from one carbon to the other. During 
combustion this communication is kept up by the gradual 
fusion of the insulating layer, as the carbons burn down- 
wards. This necessarily involves a considerable loss of 
electric force, probably quite 30 per cent. ; which, with the 
ordinary arrangement of the carbon points opposite to one 
another, would all be utiUzed in augmenting the intensity 
of the voltaic arc. Should the light, however, through 
any irregularity in the current, be extinguished after it 
has been lit, there is no reUghting the candle without 
replacing a fresh piece of carbon on the top surface.* 

A very serious objection to these candles is the shortness 
of their duration, only one hour and a half on an average* 
It is true that the bottom plate of the lamp carries usually 
a supply of four candles (which number may be increased), 
and that these are arranged so that the current may be 
deviated from the burnt candle to a fresh one. Althougl^ 
an automatic arrangement to effect this object has, it is 
said, been devised, yet so far in the street lighting in Paris, 
and elsewhere, the change has been effected by hand. 

The quality and steadiness of the light produced from 
the candles leaves much to be desired. For, besides the 
irregularities in the flame introduced by the mnt of uni- 

* A modification has lately been introduced, by which, it is said, 
the difficulty of relighting is overcome. 
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formity in the composition of the carbons (which it is the 
present object of their manufacturers to minimize), there 
are added those consequent upon the volatihzation of the 
insulating layer of plaster of Paris. This last, moreover, 
&om its chemical composition, introduces from time to 
time, into the otherwise pure flame, rnshes of a red colour, 
which differ much in intensity and duration. The amount 
of unsteadiness from these several causes varies, however, 
very much in different places. 

The Be Meritena Candle (Plate III., Fig. 3).— Ex- 
teriorly at first glance this presents much similarity to the 
• preceig. but ite construction and general principle differ 
considerably from it. 

In the De Meritens the two carbon pencils are separated 
wider apart, and a third rod of carbon, perhaps somewhat 
thinner than either, is placed between them ; but separated 
from each by a space left open and unfilled by any insu- 
lating substance. This central carbon is insulated entirely 
from the other two, and is not in direct communication 
with the electric current, which passes up and down the 
outer carbons. The effect of this central carbon is to 
divide the otherwise long voltaic arc into two of more 
moderate dimensions, by means of the two poles of op* 
posite nature induced in the central carbon ; and which 
M^De Meritens terms " a condenser of neutral electricity." 
The result of this arrangement is that a steadier flame (it 
would seem) is produced, and one somewhat augmented 
in luminous intensity, than with the Jablochkoff ; the latter 
&ct being probably due to the portion of the electric cur-» 
rent, absorbed in the last-named form in fusing the insu-» 
lating layer of plaster of Paris, being available for the pro- 
duction of light. The more moderate dimensions of the 
voltaic arc, in its double form, in the De Meritens, should 
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not necessitate an electric current of so high a tension, 
SJB is notably the ca^ with the Jablochkoff. 

There remains, however, with the De Meritens, as with 
the Jablochkofi^ the great objection that these candles are 
not self-lighting at any time withont the aid, in the first 
instance, of a small bit of carbon to lead the current across 
the permanent gap which exists between one electrode and 
the other. In the two following forms of candle, the Wilde 
and the Eapieff, this defect is remedied by the addition of 
a small electro-magnet and armature in the socket of each 
candle ; whereby is efiected the movement of approach and 
of separation necessary for lighting. 

The Wilde Candle. — Externally it is very similar to the 
Jablochkoff, as to dimensions of carbon sticks, and in the 
space between them ; which, however, is left free of any 
insulating material. The space between the carbon rods, 
each of which is placed in a separate and detached socket, 
is normally parallel from top to bottom. The exact dimen- 
sion, at the point where combustion is occurring, between 
the rods is, as already said, regulated by the electro-magnet 
in the socket of each candle. To the pivot of the arma^ 
ture plate of this magnet is attached the socket of one of 
the carbon rods ; and heiice the rod is made to work in 
unison with the magnet. 

The Bapieff Candle differs in principle but little from 
the preceding (or vice versa). Externally in appearance 
it is more of a tripod ; as two sticks are sometimes used for 
the positive electrode, when designed for continuous-direc- 
tion currents. The negative electrode is, in some cases, 
kept pressed forward towards the positive one by a spring 
according to the rate of combustion; the exact distance 
being controlled by the electro-magnet in the base of the 
Upparatus. 
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CHAPTER IV. 

CARBONS — CONDUCTING WIRES. 

Carbons. — The composition of the substance which forms 
the electrodes or terminals at either extremity of the gap 
in the electric circuit, between which the voltaic arc is 
formed, always has been, and will continue to be, a most 
important point in the practical application of electric 
lighting. Indeed, at the present time, it seems to be very 
generally admitted that upon the discovery of some inde- 
structible substance whereof to form the electrodes, so as 
to supersede the use of carbons, which rapidly consume, 
depends in a great degree the extension of electric lighting 
beyond its present restricted limits. 

The difficulty which attends the question may be judged 
of when it is considered that the temperature of the electric 
flame is, probably, considerably over 3000° Fahr. ; and that 
most substances, such as quartz, diamond, and plumbago^ 
were found by Sir Humphrey Davy to be fusible readily 
in the electric flame produced between the carbon points. 
Although this last>named substance was found by him to 
be of a sufficiently refractory nature for his purpose ; yet we 
now, owing to its wasting away, are compelled to seek for 
a still more refractory substance, in order to meet the re- 
quirements of actual application of electric lighting on an 
extended scale. As carbon is at present the only substance, 
practically, which is used for the electrode points, the 
following brief remarks will refer to it solely. 

Sir Humphrey Davy seems to have made use of wood 
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charcoal for his carbon points. Foncanlt, later on, in his 
lamps, commenced nsing graphite, or mineral carbon de- 
posited on the sides of gas retorts. This material has been 
found to be so much more suitable than the vegetable 
charcoal that it now almost universally forms the basis of 
the carbon used for electrodes. 

For some time the carbon sticks were merely cut out of 
the graphite as naturally deposited ; but, as the granular 
texture of that substance was found to be somewhat irre- 
gular, and likewise to contain sources of impurity, all of 
which might be at least partially got rid of, attempts were 
made to eliminate them ; the more so, that these imper- 
fections were the cause of considerable flickerings and want 
of steadiness in the electric hght produced. Various 
methods, involving different processes, have been adopted 
to effect this improvement. The chief ingredients in 
these artificial compressed carbons, as now made, seem, 
however, to be graphite ground up into a fine powder and 
carefully washed and purified, with the addition of a gluti- 
nous syrup formed of molasses or other similar matter, to 
tender the particles of carbon sufficiently adhesive; and 
also, perhaps, a small proportion of lampblack or other 
sooty substance. This mass, after being pressed and passed 
through moulds, is subjected to a series of careful dryings. 

Many attempts have been made to increase and to 
develop certain qualities in the carbons produced, by the 
addition of certain substances ; potash, soda, lime, magne^ 
sium, strontium, iron, antimony, &c., being found to add, in 
different degrees, to the amount of light given out ; while 
boric acid and other matters increased somewhat the dura- 
tion of the carbons during combustion. The addition of 
these substances is, however, now generally discontinued, it 
is understood. Again, divers products of gsis tar, deposited 
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by distillation in retorts, have also been used, especially . 
by Gaudoin, and with apparently good results. Metal- 
lizing exteriorly the finished carbon stick, with a de- 
posited layer of copper, or of nickel (as advocated by 
Eeynier), has also been tried. It is stated, however, that 
during the consumption of the carbon ihis meteUic layer 
gradually keeps forming itself into a series of globules at 
the carbon point, and then dropping off. 

Most of these various expedients have, however, it is 
beUeved, been graduaUy discontinued; and the manufec- 
ture of these artificial carbons, it is understood, consists 
almost entirely of the powdered graphite, mth the one or 
two necessary additions first referred to. The carbons of 
Carre, of Gaudoin, and of Archereau, are the best known of 
the French manufactures ; while in this country Siemens^ 
who deposits an exterior layer of copper, is also very 
successful in their manufacture. 

These artificial carbons are made cylindrical in form, 
and in diameter varying from about tV of an inch up to 
1 inch nearly (for lighthouse illumination). Some special 
forms have a hollow core through their length. The di- 
mensions in most general use for ordinary illumination are, 
with regulators such as those of Serrin, of Siemens, and of 
Lontin, from | to ^ inch in diameter; while with the 
Eapieff, the carbons are about A ^oh thick ; the Werder- 
mann taking about ^ and the Beynier as low as ^ inch 
respectively. These carbon rods are generally made from 
12 to 20 inches long, for faciUties in carriage ; but they 
can be had, if required, up to 3 feet, or even more, in length* 
The Wallace and other plate lamps are still dependent 
upon naturally-deposited and cut carbons; though it is 
anticipated that before long artificial compressed carbons 
will be made to suit them. 
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CoNDuoTiNa WiBES. — These are generally made of 
copper wire, or of flat ribbons of this metal. For electric- 
light machines a bundle of wires of small section (No. 16, 
B. W. G., or 1 • 5 mm., diameter), bound up together and 
surrounded by an insulating material, such as hemp or gutta- 
percha, or both, seems to be preferred; while for electro- 
plating machines, or for those where the current is more 
abundant in quantity but of a lesser tensioual power, a 
, single ribbon of copper appeaj;^ to be more suitable. Two 
qualities of copper are in use for conducting wires ; one of 
what is termed ordinary quality, and the other of higher 
conducting power, by about 30 per cent. It is stated by 
some, as the result of experiments, that if the wires of a 
cable composed of the ordinary quality be severally twisted, 
their conducting quality is increased so as to equal that of 
the superior kind of wire. 

The exact cross section of the conducting wire, or cable, to 
be used must vary in each particular case, with the internal 
resistance of the electric machine employed ; with the 
nature and quality of the current produced, whether of 
high or low tension, and whether continuous or alternate 
in direction ; and, principally, with the distance or length 
of each circuit. The degree of tension of the current 
again varies, not merely with the number of lights upon 
each circuitj^ higher in proportion as the number increases, 
(i.e. as the gaps become more numerous), but also with 
the nature of the lamp or burner employed ; the Jabloch- 
koff candle requiring a higher tension than do regulators 
of the Serrin type ; while in the Werdermann, where the 
voltaic arc is small and incandescence prevails, a very low 
degree of tension sufl&ces. 

The following are some of the dimensions of cables in 
actual use by certain makers. . The wire used in all of 
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them, except the example of the "Gramme," being of 
about the same diameter No. 16, B. W. Gr. 



} 



Number of wiiesl 
in cable .. .. f 

Total length ofV 
circuit, in yards . , / 



Description of, 
machine .. •. 



Gramme. 



8 



16 



25 



35* 



180330500,750 



Single light, 

6000 candles 

(nominal). 

Type *• A.** 

Continuous 

currents. 



Siemens. 



liontin. 



7 
90 



14 

180 



19l 
2M 
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12 



400220 



15 
330 



Jablochkoff. 



20 20 

**"****" up to 1300. 



Northern of 

France By., 

Paris. 



Single light, 

6000 candles 

(nominal). 

Type " B." 

(Continuous 

currents. 

London, and 
elsewhere. 



12 lights, 500 

candles each 

=6000 candles. 

Alternating 

currents. 



16 lights,- 300 

candles each 

=4800 candles. 

Alternating 

currents. 



Western of 

France By., 

Paris. 



Avenue 

de rOpe'ra, 

Paris. 



f 



Notwithstanding the many and varying elements, which 
must lead to very different sections of cable being used in 
each particular case, attention cannot &.il to be drawn to 
the discrepancy in practice in the cables provided for the 
Lontin lamps, and for those which serve the Jablochkoff 
candles ; the circumstances in each case, as to power of 
electric machines used, as to the number of lights pro- 
vided, and as to the nature of the current made use of, 
being not very dissimilar. 

The question of conducting wires and cables (and of 
resistance generally) is one that may with profit be studied^ 
and much valuable information obtained therefrom ; espe 
cially as to the loss of current resulting from distance in 
the use of alternating-direction currents* 

* Single wire only, instead of a cable, is used in each case under this 
head. But, for better comparison, the figures given represent the 
number of ^ No. 16 " wires which make up an equal section. 
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CHAPTEE V. 



MOTIVE POWER. 



The immense, nay paramount, importance which this por- 
tion of the question bears to the practical application of 
electric lighting can be imagined, when one remembers 
that the very production of the electric light (for purposes 
of illumination, at least) depends upon the conversion of a 
certain amount of mechanical duty into electrical force. 
That converted duty, expressed in horse-power, represents 
so much money expended; and the result is afforded in 
the amount of light supplied for effective illumination, rela- 
tively to the cost at which it could be provided from any 
other illuminating source. 

Mechanical duty being, therefore, of primary necessity 
in electric lighting, it is of equal importance to seek to 
obtain it under conditions the most favourable to ecoP- 
nomyi For to provide this mechanical duty must ever 
be the chief working expense attending its production ; 
since that of the carbons, or combustible electrodes, may 
be diminished most considerably by the substitution of some 
indestructible substance. But a mechanical motor must 
always be provided, as long as the present mode of creating 
the electric current is retained. The motors which are 
generally available for this mechanical purpose are steam, 
gas, and water ; and in some particular cases air, whether 
compressed, or in a heated state. 

It is hardly possible, within the limits of these remarks, 
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to enter at any length into the different merits of these 
several motors. But it may probably be found that water 
power, especially in the form of a turbine, would afford the 
most regularity ; that the gas engine will be found the most 
convenient, where the horse-power required is not great 
(up to 10 horse-power) ; and that the steam engine will 
be the one in most cases ready to hand in manu&ctories, 
&c., already possessing steam power. But in the last- 
named case it should be strongly borne in mind that a 
special engine should be devoted to the use of the electric 
light; and that this duty should not be imposed upon 
an engine which has other duties to perform and other 
machinery to drive ; these duties being often of an inter- 
mittent character, apart from the irregularities in the 
running, which occur fron> temporary variations in load 
arising during the peri:ormance of its ordinary duties. 

The one pre-eminent requirement, which is exacted from 
all motors, is that of extreme regularity of movement, not 
merely during each revolution, but also during successive 
revolutions. To counteract any irregularities on this head, 
the ordinary precautions of the double cylinder, and of 
one, or of two heavy flywheels, and of a good sensitive 
governor can be introduced. But there are also sudden 
and other irregularities and heavy strains which are 
thrown upon the motor power from the electric machine 
itself, especially at the moment of illumination, all of 
which the motor power is expected to overcome, and that 
almost immediately ; otherwise very considerable variations 
and fluctuations in the electric light are the result. For 
this purpose a governor with automatic expansion gear 
acting upon the cut-off valve would appear to offer one 
palliative at least. 

The Steam Engine. — In the steam engine any consider- 

E 2 
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able variations in the pressare of the steam, dependant in 
great measure upon the stoker, and therefore prevent- 
able by his diligence, are immediately reproduced in the 
work done by the engine. They are made sensible in the 
alterations in the number of revolutions of the flywheel ; 
to be again reproduced in an intensified form in the speed 
of the electric machine. The greater the difference in the 
relative speeds of the engine and in the electric machine, 
the more will these variations be magnified and made ap- 
parent. It is a very serious disadvantage, at least where 
hand stoking is necessary, that the regularity and steadi- 
ness of an otherwise perfectly satisfactory electric Ught 
should be liable to be discredited by, and pla^d in con- 
stant dependance upon, the careful supervision or other- 
wise of an attendant of a subordinate character. 

The type of steam engine which seems to be most suit- 
able, at present at least, to the requirements of electric 
lighting, is the agricultural one, either portable or semi- 
portable. The performance, capabilities, &c., of this class 
of engine, of about 8 horse-power nominal, have been the 
subject of a series of very exhaustive trials, made under the 
auspices of the Eoyal Agricultural Society at its Cardiff 
meeting in 1872 ; and also on previous occasions. Most of 
the best-known makers were there represented, each with 
his own distinctive machina The results of those careful 
trials showed on an average that (for a specially prepared 
occasion) from 12 to 18 indicated horse-power was the most 
economical amount of work that could be developed by an 
engine of 8 horse-power (nominal), with a consumption of 
4 lbs. of picked coal per indicated horse-power per hour. 
Under the ordinary conditions of practical work it is sup- 
posed that with the average quality of coal, 6 lbs. would 
probably represent the mean hourly consumption. 
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If the varying cost of coal at different places be taken 
into consideration, and also that in the rate of wages to 
attendants, Id. to 2d, may be taken as a very rough 
approximation of the actual average hoHrly cost per indi- 
cated horse-power of this class of engines — not that 8 
horse-power nominal must be taken as their limit for 
electric light purposes. If used for this object, it is 
probable that these figures will be quite maintained; as 
special care in the attendance is requisite. 

The Gas Engine. — ^By this is meant the one using 
ordinary illuminating coal gas. The type of this ma- 
chine, rapidly coming into use, which seems to be best 
known in this country, is the Otto gas engine. In this 
motor there does not exist the disadvantage to which 
the steam engine is liable, of a variable pressure being 
possible in the supply, and depending upon the vigilance 
of an attendant. For with the gas engine, once the suit- 
able admixture of gas and of atmospheric air is arranged, 
the same proportion will always continue in the supply. 
Besides, this description of motor is cleanly, and requires, 
when once started, comparatively but little attendance. A 
peculiarity of the gas engine is the mode in which it adapts 
itself automatically to the exact amount of work demanded 
of it. It may not be out of place, as the gas engine is a 
comparatively new form of motor, and one which seems 
well adapted where steam is not already available to elec- 
tric light purposes, to mention here a few of the features 
of this machine. 

The sizes made at present are of 1, 2, 3^, 8, and 16 
horse-power nominal, but capable each of developing 
about fifty per cent, more power. The motft suitable 
size, as a motor for electric light machines, is in general 
the 8 horse-power one, capable of developing up to twelve 
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horses ; it is the size referred to in the following remarks. 
The normal number of revolutions of the flywheel per 
minute, for all sizes of engine, is 160 ; but in practice it is 
somewhat less, about 155. By reducing the weight upon 
the goyemor this number can still further be reduced to 
about 135, or even less. 

The maximum power of the engine is developed, when 
one explosion of the gas mixture takes place for each pair 
of revolutions of the flywheel ; that is, 80 explosions when 
at the rate of 160 revolutions per minute. It is, however, 
in the exact adaptation of the number of explosions to the 
work required to be done that Ues the automatically variable 
property of these machines, which has been just referred 
to. For, while the suitable admixture of the gas once 
arranged remains without change, as also do the number 
of revolutions of the flywheel and consequently the speed 
of the electric machine, the number of gas explosions per 
minute augments or diminishes automaticaUy mth the 
amount of work the machine encounters. Or, in other 
words, the force of each explosion expends itself quickly or 
slowly, in proportion to the resistance which it has to over- 
come. Thus, when the engine is running Ught, and has 
only its own friction to overcome, the number of explosions 
may be say 15 to 20 per minute; but as soon as the 
electric machine is connected, the number increases to per- 
haps 30, 50, or even much more, without afiecting notably 
the revolutions of either the engine or the electric machine. 
No doubt the momentum of the flywheel has much to do 
with this steadiness in the speed of the engine, notwith- 
standing this irregularity in the supply of the power. In 
view of tbbse sudden and considerable additions of strain, 
which electric machines are Uable to cause, especially when 
the light is first started, this instantaneous and automatic 
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adaptation of the supply of the driving power to the resist-* 
ance to be overcome, answering to the automatic expansion 
of the cut-oflf valve of the steam-engine, appears to be 
a very valuable quality in overcoming and immediately 
counterbalancing these irregularities. The hourly con-* 
sumption of gas of these Otto engines, with the average 
admixture and irrespective of the size, is stated to be 
about 23 cubic feet of gas per indicated horse-power. 
This, at the average price of coal gas in England, say 4d. 
per thousand cubic feet, would be about l^d, per hour. 

One point has already been adverted to, as of importance 
in diminishing the effect upon the electric machine of any 
irregularity in the running of the engine motor. It is to 
reduce as much as possible the difference in the normal 
speeds of the two. On this point the gas engine, at pre- 
sent, has some advantage ; but signs are not wanting to 
indicate that the speed of the type of steam engine selected 
for this purpose, is being increased so as to diminish the 
disproportion. For, while the ordinary speed of the agri- 
cultural type of engine, as hitherto used, has been gene- 
rally from 70 to 90 revolutions per minute, the very fine 
20 horse-power engine of this class, lent by Eansomes, 
Simms, and Head, to work temporarily the Gramme 
machines supplying the Jablochkoff Ughts on the Thames 
Embankment, runs nominally at 140 revolutions per 
minute. 

Water Powers though perhaps more regular in working 
than either of the preceding, and more economical, yet is 
hot often to be found available in sufficient abundance 
where electric lighting is required ; and besides, it is pro* 
bable that it would in most cases, except with turbines, 
necessitate the use of considerable multiplying gear between 
the water motor and the electric machine. At GraigsidCi 
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in Northnmberland, the seat of Sir William Armstrong, 
where the force of a waterjEeJl is utilized to drive a Siemens 
electric machine, it is done by means of a tnrbine. The 
current is made nse of, it is said, to light np the picture 
gallery. 

Calorie, or Hoi-air, Engines, made by Brown, of New 
York, of 10 horse-power nominal, are used to drive the 
Siemens electric machines which furnish the light at the 
Lizard Lighthouse. The peculiarly isolated situation led 
to the selection of this form of motor, and the expectations 
which did so have been fully realized. 

Several other forms of motor may no doubt be found 
occasionally suitable for driving electric-light machines; 
but in each individual case a careful consideration of its 
particular circumstances must precede tlie selection of the 
motive power most suited to it. 

Motive Power required. — To a general inquirer, as to 
the probable total power required to drive any particular 
electric machine, with a view to providing an eflfective 
motor, it must be somewhat embarrassing to find the man- 
ner in which the answer is given ; especially by the makers 
of those machines. So much ^' actual horse-power required," 
or so much " horse-power absorbed " by the machine, is the 
ahnost univeraal answer. Setting aside the very greatly 
understated amounts given in many instances, what then 
is the meaning of the above statements ? The above ex- 
pressions are generally interpreted as meaning the average 
additional indicated horse-power required to drive the 
electric machine, over and above that which is absorbed 
by the friction of the motor itself; and moreover, this 
additional power is correct only when the electric machine 
has settled down to its work, and has overcome that con- 
siderable extra strain, amounting perhaps to 50 per cent., 
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which always occurs at first lighting, and which is apt to 
recur at times, though in a mitigated form. The ^^ actual " 
or "absorbed" power of an electric machine is therefore 
only a net amount ; while the ffross power includes also 
the friction of the motor and the excess claimed by excep- 
tional strains. 

It seems hardly fair that the particular electric machine 
in question should be debited with the loss due to the 
inertia of the motor used, or to the sudden strains, some 
of which have nothing to do with itself, but may arise 
from the lamp or the conducting wire. Still it is the 
gross amount which the intending purchaser wants to be 
made acquainted with, and not merely the net absorp- 
tion by the electric machine. Where a large amount of 
power is already provided, or even where the capacity 
of the machine will be considerable, say about 30 horse- 
power, the difierence between the gross and the net 
powers will not be of so very much importance; as 
the elastic limit between the nominal and the indicated 
power of the motor will probably readily cover it. But, 
as is generally the case, at present at least, the power 
"absorbed" is very small, stated perhaps at 2, 3, or 4 
horse-power ; and to provide a motor with only about that 
nominal power, or even somewhat in excess, would be most 
probably insufficient, and misleading to the intending 
purchaser. 

To endeavour to afford some answer, with regard at 
least to these smaller sized electric machines and their re- 
quirements, the Table on p. 100 has been prepared from 
cases in actual practice, and arrived at with what appeared 
to be suitable precautions as to accuracy of measurement. 
The data must, however, be taken with caution and with 
reserve; merely as an approximation towards a more 
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accurate knowledge of the amount of power required by \ 

different electric machines. It must also be borne in | 

mind that electric machines of the same construction and 
like nominal output may develop a different amount of 
resistance from one another ; that the motive power and 
consequently the loss by friction will probably vary in 
each case, and that the nature and extent of gearing and 
other local circumstances will again probably introduce 
further elements of difference. And all this without en- 
tering into the question of lengths of conducting wires, 
or of resistances in' the circuiis. An inspection of the 
Table, p. 100, where several examples of the same electric 
machine occur, shows how very materially these matters 
affect the results. 



|M H 




( 59 ) 



CHAPTEE yi. , 



LUMINOUS INTENSITY. 



The commercial success of any particular application of 
electric lighting will depend almost entirely upon the 
amount of effective illumination that is produced for a 
given expenditure, in the form of motor power and other 
working expenses. A careful examination of the arrange- 
ment which will, in each particular case in question, afford 
the maximum of effective light, is therefore of primary 
importance. The measurement of the amount of the Ught 
given off, together with any peculiarities it may possess aa to 
predominating direction, colour, &c., form naturally pro- 
minent points in this inqmry. Two causes especiaUy 
single themselves out as being of influence upon the 
light : the nature of the electric current producing it, 
and the particular lamp or burner employed. The last, 
besides indicating the intensity of that current, may also 
impart certain distinctive peculiarities of its own. 

"With " continuous " currents, that is, those which are 
always proceeding in one direction, it has long been noticed 
that, if the two carbon rods serving as electrodes are 
placed vertically in a line over one another, the positive 
one — the one from which the current passes — is always 
consumed much more rapidly than is the negative one ; also 
that its extremity, losing its tapered point, becomes blunt, 
flat-headed, and inclined to hollow out in the centre, 
while the negative carbon retains its cone-like shape. It 
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was supposed also, that this crater-like form which the 
positive carbon-point assumed, acted as a reflector; from 
which the light (the majority of which is supposed to be 
emitted &om the positive electrode) was projected either 
upwards or downwards, according as this positive carbon 
was placed below or above — the latter being generally 
deemed the more advantageous arrangement. A series of 
careful photometric measurements, carried out by different 
observers in France, have fully borne out these supposi- 
tions. Perhaps the most complete and most extended 
are those taken under the direction of Messrs. Sauter, 
Lemonnier and Co., of Paris. In Fig. 1 of Plate IV. is 
shown an average curve of luminous intensities, as result- 
ing from those observations, and taken in the vertical plane 
passing through the luminous point. It represents the 
output of a siQgle-light Gramme electric machine of the 
"A" type, as emitted from a Serrin lamp: the sketch 
alongside showing the carbon pointe (Ml sii^) in tixe form 
they usually assume. This curve shows very clearly how 
small an amount of light is allowed to pass above the hori- 
zontal line between the carbon points; and that the 
maximum of light is shed downwards at an angle of 
between 50"^ and 60° below that line, and with an increase 
of about fourfold. The general form of this luminous curve 
of intensities has been borne out by the careful experiments 
recently made by the Northern of France Kail way at their 
goods station at La Ghapelle, with the same kind of 
machine — the single-light Gramme, **A" type. The 
actual amounts of the several intensities were, however, 
found to be much less in the latter case, of actual practical 
application, (see Table, p. 100) than in the former, where 
the values arrived at appear excessive. 
Eeference has already been made to a series of careful 
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and valuable comparative experiments, carried out at the 
South Foreland lighthouse in 1876-77, for the corporation 
of the Trinity House, by their engineer, Mr. James N. 
Douglass, as to the relative value for lighthouse illumina- 
tion of certain magneto-electric and also dynamo-electric 
machines. While operating with the continuous-current 
single-light machines of dynamo construction, the Siemens 
and the Gramme, he found that, when the carbons were 
so placed vertically over one another that the axes of both 
were in the same Hue, their extremities were consumed in 
the manner already described, and with a blunt head to the 
positive electrode. If, however, the bottom, or negative, 
carbon was placed so that its axis coincided with the front 
of the top carbon, then the upper one, instead of having a 
blunt-headed extremity, gradually formed its hinder edge 
into a long tapered point, extending downwards consider- 
ably below the tapered top of the lower carbon; The 
effect of this upon the resultant light was found to be most 
marked, especially in the horizontal plane of the luminous 
point. Fig. 2 of Plate IV. shows the relative results in 
the horizontal plane of the photometric measurements 
taken with the medium Siemens machine (the " B " size) ; 
the upper portion showing the arrangement with the 
carbons directly over one another, while the lower portion 
indicates the forward projection of the light due to the 
advancement of the lower carbon. The great advantage 
for lighthouse purposes of this forward projection it is 
needless to dwell upon. Mr. Douglass has called this last 
arrangement the "condensed beam," while for that in 
ordinary use he has appUed the term of the "diffused 
beam. 

While these observations were being made upon the 
effect of continuous currents, others were investigating the 
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peculiaritied of alt^rnaie-direction ones ; that is to liay, 
where a series of reversals iu direction are constantly 
taking place. M. Allard, the Inspector-General of French 
Xiighthouses, was studying the distinguishing features of 
the magneto-machines of the AlUance Company, the only 
ones in use in the lighthouses in that country, and which 
give off alternating-direction currents. The result of his 
investigations is shown in Plate IV., Fig. 3 ; which repre- 
sents the curve of intensity, as taken in the vertical plane of 
the luminous point. This shows how evenly the light is 
diffused in every direction ; the maximum being on the 
horizontal, and the amount supplied above that line being 
somewhat less than is the case below it. So sUght are the 
differences at the different angles, that, in order to make 
them at all perceptible, it has been found necessary to 
make this figure double in 'scale of either of the preceding 
ones. The carbon points alongside show the equable way 
in which the constant reversals of these currents act upon 
the consumption of the electrodes. 

Another series of very careful experiments were also 
carried out by M. Lafaurie, of the Western of France 
Kailway, under the direction of M. Mayer, the Engineer- 
xn-chief, upon the lights provided, in a portion of the St, 
Lazare Terminus at Paris, by one of the Lontin machines, 
also giving off alternate-direction currents. The upper 
portion of Fig. 4, also of Plate IV., shows the horizontal 
measurement of one of six lights provided from a single 
machine, situate on the arrival side, in the goods yard. The 
average maximum intensity, taken from a series of obser* 
vations at each of those periods, is shown ; the average 
of minimum intensity, arrived at in a similarly careful 
manner, is also marked ; together with the mean value of 
the light, in a dotted line between them. The lower 
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portion of the same figure is an endeavonr to portray the 
periods of oscillation of the wave of light in this particular 
case, and the duration of each portion. This attempted 
delineation of the wave of light must, however, be accepted 
with considerable reserve, as the particxdar form varies 
not merely with each application, but from night to night 
in the same locality, and again even during the same 
evening. It seems, in fact, to depend greatly upon the 
regularity of the motor engine, and also upon the quality 
of the carbon which is being burnt. 

The peculiar features of the Ught emitted by the Jabloch- 
koff candles were meanwhile being carefully studied by M. 
Allard ; not the gentleman of the same name just mentioned 
as the Inspector-General of Lighthouses, but the Chief 
Engineer of the Lighting Department of the City of Paris, 
under the direction of M. Alphand, the Engineer-in-chief. 
The result of his experiments, carried out upon the lights 
in the Avenue de TOpera, on the site itself, are shown in 
Fig. 5 of Plate IV. ; the right-hand portion representing 
the luminous intensity curve in the vertical plane, its 
upper and lower extremities being dotted as indicating the 
supposed direction it assumes in those parts. The curve 
indicates the maximum intensity of the naked Ught, its 
minimum being also shown nearer to the light, and on the 
upper side of the horizontal line passing through it. On 
the lower side of this line are shown the maximum and thd 
minimum intensities due to the interposition of the opal 
glass globes, which were made use of at that place. The 
left portion of the figure is devoted to an attempt, as in the 
preceding case, to delineate the form of the wave of light 
emitted. Here must be repeated, only even still more 
emphatically, the caution already given on this head ; as 
these variations in the nature of the light given off from 
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the Jablochkoff candles vary much in different localities. 
For instance, the same lights, on the Thames Embank- 
ment at Charing Cross, in London, present sometimes 
a duration of the two periods of intensity exactly the 
reverse of the appearance shown in the j&gure ; due no 
doubt, in great measure, to the very great care with which 
everything had there been provided and firmly laid down. 

In order to make the different parts of these experiments 
on the Jablochkoff candles, as well as those of the Lontin 
light, suflSciently visible, the Figs. 5 and 4, which repre- 
sent them respectively, are enlarged, so as to be as much 
as eight times the scale of Figs. 1 and 2 of the same plate. 
Nevertheless one can hardly fail to be struck by the small- 
ness of the amount of the resultant light of the Jablochkoff 
candles; even though it is that of only one of sixteen 
candles supplied from the same machine; the maximum 
intensity of the naked light being given by M. Allard as 
somewhat under 300 standard candles, while by the inter- 
position of the globe this was reduced to rather less than 
180, being a loss of 40 per cent. The effective amount of 
light shed on the ground below the lamp was found on 
an average to be only that of about 90 candles. 

The Borough Engineer of Liverpool, in a careful 
Interim Beport on the Electric Light, lately presented 
to the Council,* estimates the value of the Jablochkoff 
candle, after careful photometric observation in a hori- 
zontal direction, as 453 standard candles from the naked 
light ; diminished to less than 172 candles by the inter- 
position of the globe. 

It may not be out of place to make a few general 
remarks upon the several diagrams shown upon Plate lY. 

* * Electrio Light : Interim Report of the Borough and Water Engi- 
neer, December 4, 1878.* 
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Perhaps the most important, as well as the most interesting 
lesson, is that contained in Figs. 1 and 3, the luminous 
outputs respectively of continuous and alternate-current 
machines, and concentrated in each case into a single 
light; the amount of light given off, measured hori- 
zontaUy, being about the same in each (it being borne in 
mind that the scale of Fig. 3 is double that of Fig. 1), as 
likewise is the engine power absorbed ; some excess in 
both cases, more particulaxly in the latter point, occurring, 
however, with the "alternate" current Alliance machine 
over that of the " continuous " current Gramme, 

In the practical illumination of large areas with the 
electric light, the tendency is each day rendered more 
manifest, that the best effect is produced by reflected 
diffusion of the luminous rays, and not by their direct 
dispersion from the luminous point. Furthermore, it is 
shown that the luminosity of the point itself, too intense to 
remain exposed to view, k further apparently increased, at 
least as far as effective diffusion is concerned, and despite 
the undoubted loss due to interception by the glass, by the 
augmented size of a luminous globe. This shield is, 
however, only needed under the lower portion, to act as 
a screen for the spectators ; whUe the remaining part of 
the rays of the voltaic arc are left unrestricted to be freely 
projected into space when near the horizontal, and those 
in the upper portion against a reflector ; the angle or 
successive angles, at which these last are allowed to 
impinge upon the reflector enabling them to be utilized in 
the direction most needed. 

The curves in the plate under consideration, show that 
from an alternate-current machine more rays are available 
for downward reflection from the upper portion of the 
light, than is the case with the continuous - current 

F 
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machine ; wherewith to clothe, or extend, the outer edges 
of the cone of light formed hy the rays shedding directly 
downwards. 

Indeed, it may be doubted whether in the latter case 
there is not a waste of luminous power in the highly con- 
centrated cone of Ught produced, with its fringes compara- 
tively dark, as against that produced from the alternate 
current, where the hght is more uniform throughout the 
illuminated cone, thanks to the abundance of reflected rays 
available on its outer fringes. The Northern of France 
Bailway, at the La Ghapelle Station just referred to, found, 
when lighting up one of the large goods sheds with a con- 
tinuous current emanating from a single-light Gramme 
ma<3hine and used from a Serrin lamp, that this excessive 
brightness in the vicinity of the light, while the outer 
edges of the space illuminated remained dark, was very 
perceptible. This defect it was sought to remedy, by 
raising the source of light higher above the ground ; thus 
rendering the illumination somewhat more uniform through- 
out the entire area. 

Another question also suggests itself, as to whether this 
output would not be more effectively used in practical illu- 
mination by being subdivided, as could easily be done with 
the alternate current, into three or even four light-centres 
of moderate dimensions, say of 400 or 500 candles each, 
than could be done with a large central light of 8000 candles ; 
even despite the oft-asserted loss due to the subdivision of 
the light, and the increased working expenses of augmented 
engine power and of greater quantity of carbon consumed 
in proportion to the additional light« The amount of loss 
entailed by this subdivision is in &ct one of the most im- 
portant points in its beariog upon the economic future of 
electric lighting. Precise information is much needed on 



LUMINOUS INTBNSITT. 67 

the subject; as some very exaggerated statements, not 
borne out by fiusts, have been made as to the quantity of 
the diminntion. The tendency of the daQy increasing 
experience, both in France and in this oonnlry, is. how- 
ever, to show that the loss, both from the increased 
namber of lights and from the extra length of circuits 
employed, is much less than was anticipated. 

Another point, which the consideration of the ciures of 
Inminons intensity just referred to forces upon one, is the 
necessity for the adoption of some uniform direction of 
measurement as the standard of the illuminating power of 
electrical machines. Measurement upon the horizontal 
of the luminous point itself has been all but accepted as 
the standard ; not merely because it is the natural position 
for silch measurement, but also that it expresses the output 
in a form more generally correctly applicable to all kinds 
of light than does any other ; especially since they have 
been subjected to, and can be interpreted by the results of 
carefal eiaminati;n, such as thosejnst desibed. Never- 
theless the rigid adoption of some standard direction of 
measurement is necessary ; most especially with continuous- 
current machines — much mistrust having of late been 
engendered as to certain of the latter class of machines ; 
the luminous output of which had been, in some cases, 
placed at so high a figure as to lead those who were 
acquainted with the peculiar downward-casting property 
of the light of those machines, to suppose that the out- 
put named was in this latter direction ; though no state* 
ment was made by the makers whereby to infer a departure 
from the usual horizontal measurement. 

So much has been said in this chapter as to the mea- 
surement of the light, that a few words on the subject seem 
to be almost needed. 

r 2 
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The legal standard unit of measurement of light in this 
country is a sperm candle (six to the pound), consuming 
at the rate of 120 grains (7 • 77 grammes) per hour ; that 
in France being the Carcel lamp (Bee Carcel), burning 
colza oil at the rate of 42 grammes (648 grains) per 
hour; * while in Germany it is a paraffin candle, of which 
six weigh 500 grammes (1 '34 lb.) ; 7*6 of these candles 
being equal in luminous intensity to one Bee Carcel.t 

M. Leblanc, the Chief Gas Examiner to the Munici- 
pahty of Paris, gives the value of the French "Bee 
Carcel" as being equal to 9*5 standard sperm candles; 
a value which seems to be generally accepted as correct 
by Mr. Wnu Sugg and other authorities. If these values 
be taken as correct, one German candle would equal 1 * 25 
English ones. 

The measurement of the amount of light emitted from 
different sources is termed photometry, and the instru- 
ments made use of in the operation are called photometers ; 
the kinds most used being the Bunsen, the Bumford, and 
the Wheatstone. The method employed in all cases is based 
upon the relative distances from the point at which two 
sources of light produce an equal illumination : the inten- 
sity of each light, according to the well-known optical law, 
will be directly proportional to the square of its distance 
from that point. 

Btmsen Photometer, — It consists of a small darkened 
box, placed between the two illuminants to be compared ; 
the light from each being allowed to enter only at the end 
next to it* The box itself is divided vertically into two 

* See * Proceedings of the Institution of Civil Engineers,* vol. xxviii., 
** On the Illuminating Power of Coal Gas," by T. N. Eirkham. 

t ^Die magnet*und dynamo-elektrischen Maschinen.' Dr. H. 
Schellen. Koln, 1879. 
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compartments by a screen of white paper, with a grease-spot 
having its centre opaque ; the box being moved between 
the lights until the grease-spot appears neither brighter 
nor darker than the rest of the paper, from whichever side 
it is viewed, when the distance to each source of light is 
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noted. To fiuiUitate this comparison two smaU mirrors are 
placed, vertically at the back of the box, immediately on 
either side of the screen and at an angle of 60^ from it : 
also a small opening in the front of the box, and extending 
on either side of the screen, allows of the observations 
being made. Instead of the greasenspot, the screen is now 
more generally made of three thicknesses of paper, the 
middle one opaque, with its centre cut out in the pattern 
of a star ; while the two outside ones, uncut, are of semi- 
transparent paper. 

Several modifications of the Bunsen photometer, which 
is the system most employed in this country, are in use. 

Bumford Photometer. — It is generally constructed of 
two plates of ground glass, with an opaque division be- 
tween them and projecting at right angles from them. 
Two opaque rods are placed vertically, one on either side 
of the division. The lights are then so arranged as to 
cast the shadow of a rod on to the glass plate behind it 
and on the same side of the screen; and the distance of 
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one of the lights is altered trntO the Bhadows shall both 
appear of eqnal intensity. In Bome cases but one rod is 
Dsed, withont any diviaon, and the lights placed diagonally, 
so that the two shadows appear crosswise fdongaide of each 
other on the single groond-glasB plate. 
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This form of photometer is mnch nsed in France nnder 
the name of the Foncanlt ; who introduced a modification 
of it, and a means of adjusting the divisional screen. 

Wheatstone Photometer. — It is based upon the ex- 
tremely rapid rotation of a silvered-glass ball, by means of 
multiplying gear from a winch-handle underneath. A 
doable motion is imparted to the ball : that of rotation on 
the axis of the small disc on which it is placed, which 
pinion is at tiie same time carried round the rack which 
forms the onter rim of the circular case which encloses the 
mecbaniem. The combination of these motions causes the 
ball to move in a looped curve. If the instrument be 
placed between the lights, and the ball rapidly rotated, the 
reenlt, as is shown in the latter part of the figure, is that 
the illumination &om each hght causes a bright line in the 
form of a loop ; each line differing in brightness in 'pro- 
portion to the disfance from its sonrce of light. 
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This insttament, quite a pocket one, is nsed in tliis 
country more than ebewbere. , 

The principle npon which it is hosed is the comparison of 
the two lights by the brightness of the lines in which their 
respectiye intensities are represented ; in the Bnnsen pho- 
tometer it is more ia a mEiBS of light that the two illnmi- 
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nations are compared ; while in the Bnmford it is by 
relative darkness of the shadows cast by each that the 
intensitiee of the lights are compared. Several other 
photometers, some acting chemically npon sensitive paper, 
are also in use. 

In the measurement of an electric light by means of 
comparison with another standard hght, whether it be gas 
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or oil, two things are specially noticed, and each forms a 
diflBculty for the photometrist. 

They are, the very considerable and somewhat periodic 
oscillations in the intensity of the electric light, and the 
great difference of colour manifested in its illumination 
when it is brought into close comparison with either of 
the other two illuminants, gas or oil; the electric light 
presenting a much bluer, colder appearance than either of 
the others, which have a warm yellow hue in comparison. 
This peculiarity in the electric light is said to be ac^ 
counted for by its spectrum, in which the heat rays are 
small in proportion to the chemical ones. 

Considerable practice and extreme care in the observa- 
tions, which should be several times repeated, seem to be 
the best antidote to overcome these difficulties. Several 
remedies have, however, been tried to overcome the differ- 
ence between the colours of the lights ; amongst others, 
by the interposition of glass screens of divers colours 
between the observer and the photometer screen. 
. Some difference of opinion has been expressed as to the 
intensity of the standard of actual comparison with the 
electric light, seeing how much more powerful this is than 
the flames which have hitherto ordinarily formed the 
subject of photometric measurement. 

It is well known, that in the manufecture of the stan- 
dard sperm candle, it is almost impossible to make two of 
them precisely equal in all respects ; and that differences 
exist in practice which, though small in themselves, become 
of considerable importance by being magnified many times 
in the relatively large ratio which the electric light bears 
to them. It seems, therefore, only a prudent precaution 
to make use of a somewhat high multiple of the standard 
candle, thereby ensuring its more accurate mean value, 
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as the actual light to be compared with the electric 
flame. 

Mr. Douglass, in the South Foreland experiments, 
already referred to, made use of the Trinity 6-wick oil 
lamp, of 722 standard candles intensity, as the means of 
comparison with the powerful electric lights he there had 
to deal with. Mr. T. W. Eeates, the Superintending Gas 
Examiner for the Metropolis, in his recent measurements, 
for the MetropoUtan Board of Works, of the hght of the 
Jablochkoff candles on the Thames Embankment, made 
use of his sperm-oil lamp, equalling 16 candles. Again, 
the French observers invariably make use of their Bee 
Carcel, of 9 • 5 candle power ; while, on the contrary, the 
(Committee of the Franklin Institute, in their careful expe- 
riments made last year, preferred to use a single standard 
sperm candle as the medium of comparison; though in 
their report they somewhat apologetically at the same 
time admit, that there may be some advantage in a largeir 
comparing medium than that of a single candle. 
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CHAPTER VIL 

APPLICATIONS — BOONOmO BESULTS. 

Having in the preceding chapters described some of the 
machines and lamps in use in electric lighting, and also 
pointed out a few of the peculiarities of several of the re- 
sultant forms of illumination, together with a few words as 
to the motor power required, in order to afford the me- 
chanical duty which has to be transformed into electric 
energy, the present chapter will be devoted to the con- 
sideration of a few examples of actual electric illumination ; 
and also to an endeavour, through the knowledge gleaned 
from them, to arrive at some definite information as to the 
expense of this form of lighting under the conditions of 
actual practice. 

The examples which naturally suggest themselves for 
selection are those which, from the length of time they have 
been in operation, and by the care and accuracy that have 
been observed in the collection of the particulars respectr 
ing them, afford some reliable guide. As the application 
of electricity to lighting purposes has been taken up more 
eagerly, and has received a greater extension of late years 
in France than perhaps in any other country, it is but 
natural that most of the following examples should be 
taken from applications in that country ; especially when 
it is borne in mind^ what attention and minuteness, as to 
details, that nation is well known to impart to the collection 
of scientific data. 

Applications. — The earliest regular commercial use of 
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the electric light, beyond the domain of pure science, was, 
as has been already stated, to lighthouses. 

In March, 1859, after a lengthy and satisfactory ex- 
perience both at Blackwall and at the South Foreland, the 
Corporation of the Trinity House first began the regular 
illumination of the last-named lighthouse by electricity. 
On February 1st, 1862, this light was transferred to 
Dungeness, which was thought to be a more suitable place ; 
a view which was not, however, borne out by experience. 
On December 26th, 1863, the first of the two lighthouses 
at Cape La Heve, near to Havre, on the French coast, was 
lit up, its fellow one following not long after; and on 
February 15th, 1869, that at Cape Grisnez, near to Calais ; 
while on our own shores the electric light shone out on 
January 11th, 1871, at Souter Point, in Durham; and on 
January 1st, 1872, the same illuminant was again resumed 
at the South Foreland. 

The machines in use at all these lighthouses are the 
same in principle; they are magneto-electric, and are 
based upon those designed by Professor Nollet. Those on 
the English side being constructed by Holmes, and a 
lamp also by him is used with them ; while those on the 
French coast have been made by the Alliance Company of 
Paris, and work with a Serrin lamp. The information as 
to the former has been kindly supplied by Mr. James N. 
-Douglass, the Engineer to the Corporation of the Trinity 
House; while as to the latter, M. Allard, Inspecteur- 
General des Phares, at Paris, has been good enough to 
give the details.* 

♦ See • Proceedings of the Institution of Civil Engineers,* vol. Ivi., 
" The Electric Light applied to Lighthouse lUumination," by Jas. 
N. Douglass; also 'Annales des Fonts et Chaussees/ tome xix. 
4 series, 1870, " M^moire sur les Phares ^lectriques de la Hfeve," M. 
Quinette de Bochemout. It must be borne in mind, however, that in 
the following financial details only that portion of the cost necessary 
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South Foreland and Souter Point Lighthouses. — 
The plant consists of two of Holmes' magneto-electric 
machines, used either singly or coupled up together, and 
driven by steam engines of 10 horse-power nominal. 
The current given off in each case is alternating in 
direction, and serves to feed a Holmes lamp with square 
carbons, generally of | inch a side, the rate of consump- 
tion of the carbons being about 3 inches per hour, the 
actual motor power per light ranging from 3 to 4 horse- 
power per hour, as indicated ; while the intensity of the 
naked light produced has an hourly ordinary intensity 
(measured horizontally) of 1520 standard sperm candles 
with a single machine, augmenting to a maximum of 
3040 candles when the two machines are coupled together* 
The annual cost of such lights, including engine power, 
carbons, wages of men, repairs, and interest at 7J per 
cent, on first cost, is about 569Z. ; this is for a total of 
4412 working hours during the year, and for a mean 
intensity of 1768 candles. 

Lighthouses at Cape La Hhe, Havre, France. — An 
Alliance electric machine is provided for each of the two 
lighthouses. Each machine is composed of six discs, of 
16 coils each, and affords a light of about 1920 candles. 
The average annual cost, exclusive of interest, repairs, 
or depreciation, amounts to 660Z. for both lighthouses. 
If for interest, depreciation, and repairs, 7^ per cent, 
were added, this would stand at 893Z. The cost of main- 
taining a single light (in order to arrive at a precise 
parallel with the preceding case) is found to be 408Z., and 

for the electric light, per se, and not the entire amount requisite for 
the establishment of a lighthouse complete, has been taken into con- 
sideratipn. Consequently there will be a discrepancy between the 
figures given here and those in the works just quoted. 
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with interest as in the preceding cases to 5251. for a hght 
of about 1920 candles intensity. 

Lizard Lighthouse,— The Corporation of the Trinity 
House, in consequence of the recommendation of Mr. 
Douglass, supported by Dr. Tyndall, as the result of the 
experiments at the South Foreland already referred to, 
have established, January 1, 1878, at this their latest 
application of the electric light, a series of six Siemens 
dynamo-electric machines, each of the type " B " known 
as " 6000 candles"; and these are driven by three caloric 
engines. Of the three electric engines thus formed, a 
single one may be driven, under ordinary circumstances, 
to produce one hght of an hourly intensity of 3620 
standard candles ; or else the two may be coupled together, 
as is tbe case in thick weather, and an intensity of 8250 
candles afforded to the light; the average amount of 
motor power per hour for a single machine being about 
three horses. The annual working expenses, under 
similar conditions to the South Foreland, came to about 
500/. for a mean intensity of 4375 candles. The results 
at the Lizard point, therefore, to a more abundant light 
produced at a cheaper rate absolutely than with the older 
machines at Souter Point, at the South Foreland, and 
also than at Cape La Heve. 

While considering these applications of the electric light 
to lighthouse illumination, it is but right to remark that 
they take place under circumstances * and conditions 
special to themselves, and which do not exist in the case 
of industrial or other works. These arise in part from 
the paramount necessity of providing in the lighthouse an 
illumination of the most perfect character, and abxmdant 
in intensity ; as well as of providing an amount of extra 
plant to guard against any cessation in the illumination. 
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The generally isolated situation of the lighthouse also 
adds to the cost of the materials employed, and causes the 
personal staff employed to he of a more skilled class, -than 
where assistance in the matter of repairs is readily available. 
Any comparison, on purely economical grounds, between 
the electric illumination in lighthouses and in industrial 
works, must necessarily be unfavourable to the former. 

Northern of France Railway Goods Station at La 
Chapelle, Paris. — This company, finding that the night- 
work done in the goods sheds and in the yard outside was 
very inferior in amount to that done during the day 
(about 37 per cent, per head), and that, moreover, a con- 
siderable number of small articles were mislaid and lost 
during the night-work, determined to try the electric 
light to improve matters. 

A series of six single-light " Gramme " machines were 
provided, each of the size termed "A** (6000 candles), 
and a portable engine of 10 horse-power nominal. A 
special shed was erected to contain the electric machines 
and the engine. Several forms of lamp were tried, but 
that made by Serrin was ultimately preferred; latterly, 
however, a modification of that lamp by Suisse has been 
used with great advantage, as it allows of 12 hours' con- 
secutive burning, in place of only 3^ with the original 
Serrin. The average length of the night-work was 
found to be 10 hours, with a maximum of 15 hours. The 
first outlay (intended fpr five light-centres) consisted of six 
machines, six lamps, portable engine, shed, conducting 
cables, &c. ; this, fixed complete, amounted to 1420Z. 
The electric lights were placed, one in a goods shed, the 
remainder in the open yard, so as to light up a row of 
turn-tables, where most of the night-work took place. 
The shed is 230 feet long, and 75 feet wide, with an open 
roof 33 feet high at the ridge, and 16 feet at the eaves, 
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and having a central skylight along each side for most of 
its length ; the upper portion of the walls and the under 
side of the roof were whitened to aid in reflection. The 
electric light is hung near to the centre, in a simple 
lantern of ground glass, and at an elevation of 15 feet 
from the ground. The result of , this illumination was to 
increase the efficiency of the night- work by 30 per cent. 
The original imperfect gas illumination had been carried 
on by means of 21 jets, burning 4 J cubic feet each. The 
new illumination was as effective as if these had been 
augmented to from 50 to 55^ causing an hourly consump- 
tion of 220 cubic feet of gas. The light in the shed was 
found to give a good working light for a distance from it 
of over 100 feet, while those outside were satisfactory 
vnthin a radius of 200 feet. The electric illumination 
commenced on January 15th, 1877, and has continued 
regularly ever since. 

During this period a series of careful experiments were 
carried out by the officers of the company. The results 
showed that on an average nearly 3 actual horse-power 
was absorbed per light per hour, sometimes a little more, 
sometimes rather less; and that the square carbons, of 
f inch a side, were consumed at the rate of 4 inches per 
hour, or at a cost of l^d., waste included. 

The nightly working expenses, with an average of 4 
lights, and during 10 hours, were found to be — 

s. d. 

Motor power — 8 cwt. at 20s. per ton* 8 

Carbons — 4 lamps X 10 hours x l}d. (nearly) ,, 4 10 
Oil 8d, wood l^d, lighting engine shed 2id, .. 10 
Engineman's wages .. .« 4 

17 10 



This gives a price per light per hour of b^d. ; add to this 
10 per cent on first outlay of 1420Z., for interest and 
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depreciation^ 2id.; total cost per light per hour 8(2*/ 
This, to the railway company, would represent the cost of 
22 gas jets; while the electric light, in the shed, was 
considered to have satisfactorily replaced 52 jets. Thus 
leaving an economy of 30 jets, or about 60 per cent, in 
fBkYOur of the electric Ught. Experience showed that the 
expense per light diminished as their number increased, 
and that the allowance for interest and depreciation 
(a considerable item when a machine had to be added 
for every Ught) formed about one-third of the working 
expenses. 

The luminous intensity of each of these lights, measured 
on the horizontal, was found to be only that of 960 standard 
candles; though, owing to the downward-reflecting ten- 
dency of the light shed from these continuous-current 
single-light Gramme machines (a property already referred 
to in the preceding chapter), the mean amount shed might 
be taken at four times that amount. . Owing, however, to 
its being centralized and concentrated within a limited 
area, the useful intensity did not exceed more than that of 
52 Garcel lamps distributed (500 standard candles in all). 

Iron-works of Messrs. T. and T. Powell, Rouen. — 
In the autumn of 1876, Messrs. Powell determined to 
illuminate a newly-made erecting shop with electric light. 
It is a building 125 feet long by 45 feet broad, with an 
open roof 26 feet high at the eaves, and 40 feet at the ridge. 
Two single-light Gramme machines of the "A" size, 
with two Serrin lamps, conducting cables, &c., were pro- 
vided, and fixed complete for 196Z. The lamps were sus- 
pended under the centre of the shed, 60 feet apart from 
each other, and at a height of 80 feet from the ground. 
No special motor was provided, the requisite power being 
taken from the engine which served to give motion to the 
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took, &Q, A series of carefully taken indicator diagrams 
showed that, on an average, 2^ indicated horse-power was 
absorbed by each light, which was fonnd to contain an 
intensity of 1824 candles (measured horizontally). This 
illumination (costing actually 4(2. per hour p^ Ught) 
would come out, if with an allowance for a special engine 
and 12 per cent, for interest and depreciation, at a total 
expense for both lights of 2s. lOd. per hour; as against 
7$. 7d. for an equally effective illumination with gas, at 
7s. 8d. per 1000 cubic feet, the price in Bouen. 

Messrs. Powell, after two years* experience of the 
working of the electric illumination, and finding it so 
much cheaper, more effective, and safer than gaa would be 
in their erecting shed, have decided to extend it without 
delay to the rest of their works. 

Albert HaUy South Kensington, S, W. — This large hall 
has been lit up very successfully on several occasions 
of late, commencing on February 13th, by means of five 
Siemens single-light machines, each of the type " B " of 
6000 candles nominal, and supplying a smalt-sized Siemens 
lamp (the one shown in Plate III., Fig. 4) ; supple- 
mented on two occfwions, by way of experiment, by an 
alternate-current Siemens machine and generator (referred 
to at p. 26) feeding four Jablochkoff candles. The machines, 
outside of the basement of the building, are driven by the 
pumping engine belonging to the premises; which is of 
24 horse-power nominal. The five Siemens lamps are 
suspended from the ceiling at a height of 150 feet £rom 
the floor, and are devoted to the illumination of the body 
ot the hall ; while the Jablochkoff candles, placed in the 
organ gallery, are reserved to light up the orchestra. 
Ihcy are enclose^ in the ordinary opal glass globes in 
which they are usually placed ; while each lamp is placed 

a 
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irithin a conical-sbaped glass lantern, the lower part of 
which is darkened with white paint, and carrying above 
a glass shade, or reflector, rendered semi-opaque. The 
supply of carbons in the lamps is for six hours* burning. 
It will readily be noticed how advantageously the Siemens 
lamps are placed, at the most exceptional elevation of 
1^0 feet above the floor. A glance at Fig. 1 of 
P|ate IV. will show how the cone of intense light 
of each of these continuous machines will become fully 
developed thereby ; and moreover how each of these pyra- 
mids of light, distinct though they are above, become 
blended and overlap one another down below, to the very 
great advantage of the illumination. 

The following, it is beUeved, may be taken approximately 
as the cost of the production of the electric light during 
the four hours:— 

Coals (1 ton) 20 

Carbons (lamps 6s., candles lis.) .. 17 

Wages (3 attendants) 15 

Wear and tear 8 

60 
Or ISs. per hour. * 

The charge for the gas consumed during the time neces- 
sary for each performance (3 J hours), being 71. 7s., or 42«. 
per hour, the total consumption being about 42,000 cubic 
feet from the various star burners. It will be noticed how 
very large a proportion of the expense of "carbons" is 
due to the Jablochkoff candles. 

A very considerable number of applications of this class 
of single-light electric machines, both of the Siemens and 
of the Gramme construction, exists in France and in this 
country, and serve for the illumination of industrial works 
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differing very widely in character. The data/ howerer, 
given in the above examples, together with those in the 
table on page 100, iafford some test as to the capabilities 
and as to the working expensed of this class of machines. 

AH the previous examples have been of machines giving 
bat a single light each ; it will be interesting, therefore, 
now to describe a few cases where a number of Ughts are 
produced from a smgle machine. 

Paris, Lt/ons, and Mediterranean BaUway Company, 
Paris Terminus, — This company having decided to try 
the effect of the Lontin electric light, gave permission 
to the patentees of that system to enter upon a period of 
prehmmary trial at their passenger station, to enable the 
company to judge .of the efficiency and economy of the 

electric lights distributed about the station, and replacing 
172 gas jets, were supplied with electricity by a combina^ 
tion of one generating and two dividing machines, all upon 
the Lontin system. The lamps used were the modification 
of the Serrin, introduced by M. Lontin, whereby a number 
can be employed upon one circuit (where only one of the 
original Serrin can be used). The power of each of these 
dividing machines was that known as of ** 18,000 candles." 
The motor power for this temporary arrangement was a 
Brotherhood 3-cylinder engine, supplied with steam from 
an old locomotive (lent by the railway company). This 
arrangement proved, however, to be wasteful in steam. The 
effective illuminating power of each electric lamp was con- 
sidered to be equal to that of 80 gas jets. The average 
cost of the 28 electric lamps during these prelimmary 
trials would appear to have been about 8a. 2d. (10*25 
francs) per hour. This preliminary experience lasted from 
September 7th to October 28th, 1877. The result was, 

G 2 
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however, sufficient to satiflfy the railway company as tp the 
effectiveness of electric illmninationy and as to the possibi- 
lity of its being carried on without interruption, and it in- 
^pced them to enter into a contract with the patentees of 
the Lontin system to light up, for a period of twelve 
months, a large receiving shed in their goods station of 
the same terminus, 330 feet long and 66 feet wide. 
Twelve lights were to be provided, all emanating from one 
dividing machine, and replacing 200 gas jets ; the total 
cost per hour to be 5^. (6 francs), or 5d. (0*50 franc) per 
light ; the contractors finding everything requisite, except 
water, and bearing all working expenses. 

Wedem of Franee Railway — Paris Terminvs^ St. 
Lazare. — This railway decided, in the early part of 1878, 
to try the Lontin system of electric lighting at this station. 

Ooods Yard. — The patentees of this system com* 
menced, in May, 1878, to light up the goods yard, on the 
arrival side. For this purpose, six electric hghts are 
pla<3ed against the columns which carry the roof, at a 
height of about 12 feet from the ground. They are pro- 
vided with electricity from a Lontin (double) machine, of 
the type known as of "12,000 candles." The motor 
power is afforded by an apricultural engine of 9 horse- 
Jower nominal, the piston being H in^es in diameter 
and 13i inches stroke, the average pressure in the boiler 
being 83 lbs. per square inch, and 110 the average number 
of revolutions per minute of the fly-wheel, the total hourly 
coiisimiption of coal being about 80 lbs. The lights were 
found, by a series of careful experiments, to be of a mean 
luminous intensity of 570 candles each. They are gene- 
rally left naked, without any shade, without any ill effect 
being produced upon the persons below. The lamps used 
are the Serrin, modified by Lontm, so as to admit of 
several being placed upon one circuit; in this instance 
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tbey are placed in pairs, six lamps upon three circuits. 
The consumption of the |-inch round carbons was found 
to be at the rate of l^d per light per hour. 

The ayerage working expenses of. these six lights are, 
per hour — 

t. d. 

Coal, &c., for engine, at 825. pei'ton 1 2 

Carbons for six lamps ..0 8 

Engineman and stoker • 10 

Total hourly cost for six lamps .. .. 2 8 
Or per light per hour, 5}(7. 

Passenger Station (Departure 8ide\ " SaJU des Pas 
Perdusr — ^In the month of June following, the directors 
of the railway company determined to extend the electric 
illumination to this portion of the station. Accordingly, 
the patentees of the Lontin Ught fixed for this purpose 12 
lights, supplied from an '^ 18,000 candles " Lontin machine ; 
which was placed, together with an agricultural engine of 
12 horse-power nominal, on the station itself, in a shed 
constructed for the purposa The engine is of the following 
dimensions :— diameter of piston, 11| inches; length of 
stroke, 18 inches; reyolutions of fly-wheel per minute, 
110; average boiler pressure, 98 lbs. per square inch. 
Each electric lamp is enclosed in a ground-glass circular 
lantern, i^ form of an inyerted truncated cone, with a metal 
top to it ; while the body of the lamp protruding below the 
lantern is placed in an ornamental bronze case, the entire 
having the appearance of an elegant moderator lamp. 

The difference in the illumination between this side of 
the station and the goods yard side, where the lights are 
naked, is very marked, and leaves an impression very 
much in favour of the enclosed lights, which diffuse the 
illumination and render it more uniform. The effect in 
the large hall called the ^^ Salle des Pas Perdus," which is 
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445 feet long, 66 feet wide, and 20 feet lugh at eaves, and 
nearly 40 feet at ridge, is very good. Five lamps along 
the centre, suspended at an elevation of about 18 feet from 
* the ground, light up this fine hall. The twelve electric 
lights in this part of the station are placed upon three 
circuits ; four lamps upon each. 

Oaiety Theatre^ London. — This example of the Lontin 
electric machine, from the prominent position in which it 
is situated, as well as from the length of time it has been 
established, together with its priority in this country as 
the first application in a regular way of a many-light 
machine, has attracted so general attention, that it is im- 
possible here to pass it over without saying a few words 
upon it ; though the particulars concerning it cannot 
pretend to have been collected with anything like the care 
and reliable accuracy which distinguish the previously 
quoted examples. 

A Lontin "dividing" machine of the "12,000*' nominal 
candle type (the one shown in Fig. 1, Plate U.), with its 
*' generator," is established in the basement of the printing 
establishment of the 'Echo' newspaper. Its dimensions and 
capacity are those of the electric machine on the goods 
yard side of the St. Lazare Bailway Station, in Paris ; the 
performance of which may, therefore, be taken somewhat 
as a guide. One of the pair of horizontal engines in 
ordinary use to print the ' Echo ' newspaper, is used to 
drive this electric machine. The engines are each, it is 
understood, of about 24 inches stroke, and 10 inches 
diameter of cylinder, and work at an average of 80 to 
90 revolutions per minute with, a boiler pressure varying 
from 35 to 45 lbs. per square inch. The lights pro- 
vided from this machine are fixed in and around the 
Gaiety TheatrOr They are six in number and are placed 
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xjLfon three circuits in the foUowing manner :— one in 
Catherine Street, and another in Wellington Street, over 
the stage door, form circuit No. 1 ; the current pass- 
ing from the former to the latter lamp over the roof of 
the theatre, and the return wire to the ma<;hine being laid 
over the roof at the back of the theatre. Of the three 
lights on the Strand front of the theatre, the two outside 
ones are upon circuit No. 2 ; while the central one, to- 
gether with the one in the vestibule of the theatre, form 
circuit No. 3. The return wires from both these circuits 
to the machine are across again to Catherine Street. 

The mean intensity of each of the six lights of the 
similar example to the present one at the. St. Lazare 
Station, was found to be of 570 candles. Seeing that the 
machines in both cases are of the same nominal output, 
and that the rate of speed appears to be relatively about 
the same, it is probable that the luminous intensity of the 
lights will be much about the same at the Gaiety Theatre 
as at the Paris railway station. 

Street Lighting in Paris. — The Jahlochhoff " Candled 
— Of the various streets and other places lit up by this 
system, the Avenue de TOpera is the one which, from its 
central position, has attracted most attention, and there- 
fore will be taken here as a type example. 

The Avenue de TOpera, including the Place de TOp^ra 
at one end, and the Place du Th^tre Fran^ais, are lit up 
by 62 lights ; 46 single-candle, and 8 double-candle (on the 
Place de TOpera). These are divided into four groups; 
one on the Place de I'Op^ra, two in the Avenue de TOp^ra, 
and one on the Place du Theatre Frangais. Each group 
of lights is supplied with electricity from a "dividing" 
Gramme "16-light" machine, driven by an engine of 
20 nominal horse-power. 
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A very considerable amount of mystery has been kept 
up by the patentees of this system as to the cost of it. 
The expense they state it to be is (1*06 francs) lid, 
nearly, per light, per hour, which they hope, so it is said, 
shortly to reduce by one-half.* The total remuneration 
by the city of Paris was (for this rate of payment termi- 
nated on November 30 last) 37*2 francs (298. 9d.) per 
hour. The original gas illnmination consisted of 344 jets, 
and cost 7*224 francs (6^.) per hour. The electric illn- 
mination is considered, however, as equal to 682 gas jets, 
say, to double the original illumination ; that is, to a cost 
of 14*45 francs per hour, as against 37*2 francs for the 
electric one. The latter, therefore, cost 2 * 6 t^es that of 
the gas of equal illuminating intensity. The luminous 
intensity of each of these Jablochkoff candles, was found 
(as already stated) to be of a maximum of 290 candles ; 
but, with the opal glass globe used in Paris, the mean 
power of each became reduced to that of about 115 
standard candles. 

The above details have been kindly communicated by 
M . AUard, the chief engineer of the lighting department of 
the city of Paris (under the engineer-in-^^hief, M. Alphand). 

Many other applications of the Jablochkoff candles wil^ 

* M. Th. Levy has latterly ascertained, for the mnniclpality of the 
city of Paris, that the total hourly net cost of the 62 Jablochkoff 
candles in the Avenue de TOpera is as foUows : — 

«. d. 
Steam power 2 6 

Coal 5 4 

Oil, grease, &c .. 10 

Wages 2 6 

62 Candles at 5d. 24 10 

86 2 

Or at the rate of T^'. per light per hour. The engine power absorbed 
by each Ught being taken at 1*25 horse-power indicated. 
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the Gramme machine occur ii;i Paris, such as at the Maga* 
zins and the Hotel du Louvre, at the Theatre du Chatelet, 
at the Hippodrome, at the Hotel Continental, &c* Still, 
as in none of these cases have the financial results heen 
ascertained on such good authority as in the case of the 
Avenue de I'Opera, it has been thought advisable to pass 
them over. 

Street Lighting in London — The Jdhlochhoff Candle^ 
— Coming after the preceding example in Paris, it will be 
interesting io compare the results of the same system in 
our own Metropolis. 

Thames Embankment. — The Metropolitan Board of 
Works selected that portion of the Victoria embankment 
between Westminster and Waterloo bridges as the site of 
the trials of this new illuminant; which lasted from 
December 13, 1878, to March 13, 1879.* 

The electric machine lent by the " Compagnie G6nerale 
d'Electricit^ " of Paris, being a "dividing" Gramme 
similar to the ^' 16-light " machine in use in that city ; 
here, however, it was somewhat more powerful, so as 
to supply 20 lights. A single-light "A" machine. by 
the same maker spring as the "generator." These 
machines, together with the engine to drive them, were 
placed in a teiaporary shed on the west side of Charing 
Cross Bridge, and close to the station of the District 
Bailway. The semi-portable double-cylinder engine, of 
20 horse-power nominal, lent by the makers, Bansomes, 
Simms, and Head, was fitted with a very sensitive auto- 
matic governor ; which, it is understood, gave considerable 
satisfaction throughout the entire period of the trials. 
The speed being unusually high, averaging 142 revolu^ 
tions p^ minute ; the diameter of each cylinder 10 inches^ 

* These have, however, been extended for three months longer. 



9Q EmCTBIC LIGHTINa. 

with 13 inches stroke, and an average boiler pressure of 
50 lbs. per square inch. The speed of both electric 
machines seems to have been nearly the same; abont 
650 revolutions per minute. The extremely careful and 
solid way in which these machines were set upon ashlar 
blocks, as well as the regularity in the running of 
the engine, no doubt conduced much to the steadiness 
and absence of oscillation, which has been noticed in the 
lights produced. These Ughts were distributed upon four 
drcuite; five upon e^ They are placed along the 
river parapet wall, at intervals of 40 yards from each 
other. The distance from the machine to the farthest 
lamp towards Waterloo Bridge being about 600 yards; 
while that next Westminster Bridge is 700 yards away 
from the electric source, entailing an unusually long 
circuit. 

A very careful series of experiments as to cost, engine 
power consumed, and luminous intensity, have been carried 
out under the direction of Sir Joseph Bazalgette and 
Mr. T. W. Eeates ; the engineer and the consulting 
chemist, respectively, to the Board. . They were intended 
to ascertain, amongst other things, the exact amount of 
engine power, taken under different conditions; as well 
as the intensity of the light, when naked, and with globes 
of divers kinds interposed. The effect of reflectors ^of 
various shapes has also been taken into consideration. 
,, ffoU>orn Viaduct — About the same time that the trials 
just described commenced on the Thames Embankment, a 
cdmilar illumination with the Jablochkoff candle was 
hegun at the Holbom Viaduct under the control of the 
Oity Commissioners of Sewers^ and under the supervision 
pf Lieut-Col. Hayward, the city engineer. Exactly the 
game type of Gramme machines have been used ; though 
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.font 16 lights have been produced as in Paris, instead of 
the 20 on the Thames Embankment. 

The motor power was a portable engine by Bobey, of 
20 horse-power nominal, which, together with the electric 
machines, were placed in a shed in Farringdon Street, 
alongside of the Viaduct. The lights were distributed on 
either side of the roadway along the Viaduct, except one 
at the western end of Newgate Street, which was central. 
Each lamp contained six candles, instead of four as gene- 
rally is the case. The average distance between each pair 
of electric lights measured diagonally being 110 feet. It 
was found that the 16 electric lights replaced 86 gas lampa 
The engineer in his report found, that the electric light 
cost about seven and a half times that of the gas; but 
that the illuminating power of the former was seven times 
that of the latter. 

BUlingsgate Market. — The Markets Committee of the 
Corporation, under the direction of the city architect, 
,Mr. Horace Jones, authorized, almost simultaneously with 
the two previous examples, a four months' trial of the 
Jablochkoff candles ; the machines, number of lights, and 
a Bobey engine, were all identical with the last case. The 
engine and machines were placed in the vaults under the 
market; the 16 lights were distributed in and around it, 
as well as on the river front to light up the landing place. 
The number of electric lights was hardly found to be 
sufficient. . 

Westffate-on-ihe-Sea. — On December 2nd last year, Mr. 
E. F. Davis, having determined to try the Jablochkoift* 
.illumination on his building property at this place, cosok 
menced a trial with a 6-hght Gramme divider with its 
generator, driven from a portable engine of 10 horse- 
power nominal, by Garrett. These experiments were 
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carried out under the direction of Mr. W. H. Bennett 
and Mr. W. A. Yalon, who have kindly supplied the 
following particulars : — 

The six lights were erected along the Sea Boad, the 
distance between the extreme lights being 400 yards, and 
at an interval of 80 yards from each other. Opal glass 
globes were used of two sizes, 20 inches and 17 inches in 
diameter. When the light through each size of globe was 
tested separately with the photometer, the illnmination 
effected when using the larger globe was found to be very 
superior to that of the smaller one : 197 candles per light 
was the mean intensity found with the larger globe. This 
would tend to confirm the remarks made under the head 
of luminous intensity, as to the value of the enlarged size 
of the translucent globe in diffusing the light. The 
working expenses of the twenty-four nights over which 
the trial extended were estimated at 40/. 98. 4d. for 96 
hours' burning (or about 17(2. per hour per light) ; of 
this amount nearly one-half being due to the candles alone. 
This very high rate of cost (even for Jablochkbff candles) 
was no doubt due to the small number of lights in use and 
to the shortness of the period of trial. 

Perhaps it may be thought that too much space has 
been devoted to examples of illumination with the Jabloch- 
koff candle. So much, however, just at present, is being 
said about these &med '* candles," that it has been thought 
advisable to dilate somewhat upon this head. All the 
different examples, from places far apart though they are, 
agree upon two points: the extremely high rate of the 
cost per light, and the very small illuminating power given 
off in proportion to it. 

Oreat Eastern Bailicatf, Liverpool Street Station, E.O, 
— A series of six lights have been placed at tiiis passenger 
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siiation^ on the platforms Nos. 9 and 10. These are snp- 
pli^ from a Wallaoe-Farmer machine, large size (the one 
shown in Plate I., Fig. 2), driven by a portable engine 
of 10 horse^power nominal. The lamps used are the 
WaUace plate*lamp, as modified by Ladd (Plate III., 
Fig. 7). The peculiarity attached to this example is 
that the lamps are all on one circuit ; and the machine is 
a continuousK^nrrent one. 

Owing to several interruptions, which have been caused, 
amongst other matters, by want of proper plate carbons, 
no sufiSciently reliable observations have been as yet made. 
The deliBct flJready noticed as attached to this lamp, of 
extreme unsteadiness in the position of the luminous 
point, has certainly not so &r been got over in this 
instance. 

Bapieff Light at the * Times* Office, London. — So 
much attention has, in this country at least, been drawn to 
this, one of the latest novelties in the application of the 
electric light, an intiorest due mainly to the peculiar form 
of lamp used in conjunction with the Gramme machine, 
that one can hardly conclude this brief notice of electrifi 
hght applications without saying a short word about it. 
A Gramme '^ dividing" 16-light machine has been pro- 
vided at the ' Times ' office by the proprietors, together with 
an engine suitable even for future emergencies, and .a por- 
tion of the lights, six in number, in the machine room, all 
in one circuit, have been set in place. A much larger 
addition to the number, in other parts of the building, is 
shortly contemplated. 

Owing to the fiict that only a portion of the intended 
application has so £eu: been got to work, and that only 
recently (since October 12th last), it is not possible, nor 
hardly fair, yet to judge of the actual results. Still the 
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Bystem works fairly, and it may therefore be entitled to 
take rank as an established application of electric illn- 
tnination. 

In the preceding remarks on the various applications of 
electric lighting to illuminating purposes many, very 
many, of a highly interesting character have been omitted. 
Amongst these might be named those for military and 
naval purposes, for the construction of large works out of 
doors, such as docks, bridges, &c., for weaving and spin- 
ning operations (where the purity of the electric light is 
of peculiar advantage), for agricultural, and for other 
classes of night-work too numerous even to name. This 
omission has been necessitated partly from want of space, 
partly from want of those very careful and even scientifi- 
cally prepared results which were desired. It is hoped, 
however, that the few and carefully selected examplee 
presented will afford some slight guide as to the results, 
financial and otherwise, which effective electrical illumina- 
tion may be expected to afford. 

Economic Eesults. — By this is meant not a com- 
parison of the money cost only, but one which includes 
the return in amount of effective illumination, which is 
obtainable by the several systems. This value can there- 
fore o^y be arrived at &om a consideration of the 
expenses, both working and of first cost, and of the 
luminous intensity which is yielded. Some information 
having already been given on both of these points from 
existing examples, a slight approximate attempt will here 
be made to endeavour to arrive at some general data on 
the subject. The same remark, as on the subject of 
motor powers, must be again strongly urged herej and 
it should also be borne in mind that no hard-and-fast rule, 
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applicable even to all cases of the same dass of machine; 
cftn be given ; the circumstances varying so much in each 
particnlar case, that the results in no two applications can 
be precisely alike. 

The two divisions into which considerations of this 
economic nature divide themselves are those of continuous 
and of alternate current machines. These *become more 
marked because the former has also, practically so hi, been 
itself confined to the production of single-light machines, 
while with the latter class rest the only successful appli- 
cations of many lights from one machine ; the few attempts 
with continuous-current machines to produce a series of 
lights have not as yet been stamped with results pf such a 
nature as to be termed a success in actual practice. Then 
again the above distinction, in this its economic bearing 
especially, opens up the question of the loss supposed to 
be entailed by the subdivision of the light; a subject 
just at present occupying a good deal of attention. 

The first point which naturally presents itself is, what 
is meant by the subdivision of the light ; a matter about 
which there appears to be some difference of opinion. 
The product of each electrical circuit may, it would 
appear, be fairly considered as the unit of output. The 
supply to a single lamp may be made up of the com- 
bmation of the different circuits of one machine, or of 
several machines put together. To separate each of these 
circuits, while preserving each intact for the supply of a 
single light, would not, in the writer's opinion at least, be 
a subdivision of the light. But to break up a circuit, or 
unit, so as to enable it to support more than one light 
would be to subdivide it ; the number and intensity of 
those lights, whether large or small, forming merely 
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different phases of the sabdivision. It is the loss, or 
difference, which the output of a current when suj^lied in 
an unbroken whole to a single light, bears to the sum of 
the different firactional supplies, that it is desirable to 
ascertain with some degree of approximation; if not of 
accuracy. Its economic results would naturally be ex- 
pressed in candle intensity ayailable, and in the cost, 
both working and of first outlay, attending the different 
cases. 

It was mentioned, at the commencement of the remarks 
on luminous intensity, that the amount of light given off 
was affected, amongst other things, by the nature of the 
lamp used. This is the case most markedly with the 
three classes of lamps working, either by the voltaic 
arc, by incandescence, or by both combined. Begula- 
tors represent the first of these classes, ** candles " are a 
type of the last named, and the incandescent lamps of 
tiie second. 

A very great difference, at least as far as the author's 
experience goes, exists between the relative luminous in- 
tensity given off by the same machine from a single light, 
according to whichever of these classes of lamps is used. 
The output of a machine with regulators does not readily 
divide itself (except with tiie Serrin-Lontin and Sapieff 
ones); while with candles and with incandescent lamps 
subdivision is easily and always adopted. Some of the 
statements which appear to afford evidence of a very great 
loss due to subdivision of the light, are misleading from a 
disregard of this difference between the luminous output 
of the several classes of lamps. The intensities of each of 
a number of, sometimes " candles," sometimes incandescent 
lamps, and the total of those intensities, is very n^vely 
compared with that of a single regulator used with the 
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same machine. To the reader unaware, of the relative dif- 
fer^ce in the results of the several kinds of lamps, the loss 
\>y suhdivisionj when put in this way, appears enormous. 

But what approximately is the difference in the lumi- 
nous result between the three classes of regulators, of 
candles, and of incandescent lamps ? 

Gomte Th. du Moncel has found, that when a Serrin- 
Lontin regulator and a Jablochkoff xsandle were placed at 
the same time each upon a circuit of a Lontin machine 
(care being takien that the circuits were quite equal to each 
other), the light given off by the former was about three 
times that of the latter. This result is about the same as 
that arrived at by the author. The relative values of the 
luminous results per horse-power, as given off in a single 
light from the same machine, seem to be somewhat ap- 
proximately represented by 15 for regulators, 5 for candles, 
and 1 for incandescent lamps; while the proportionate 
standard candle result per horse-power would be as 900, 
800, and 60 standard candles for each respectively and 
taken in the above order. Differences which surely should 
be borne in mind, and distinguished from each other. 

With regard to the relative value of the divisibility of 
the product of each class of lamp, the following reliable 
data have been obtained. 

Begvlators. — ^At the St. Lazare Station in Paris, already 
several times referred to, with Serrin-Lontin, lamps; — 
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Light. 


Sum of 
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Inten- 
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Machine. 


I^amp. 


6 


candles 
570 


candles 
3420 


jLontin, 12-light, 
< alternating 
( currents. 


1 3 circuits used, ] 
1 in quantity, 1 
1 2 lights upon | 
\ each. j 


Serrin- 
Lontin. 
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Candles.-^ In obtaining the following obeervations, 
through the kindness of Messrs. Edmnndson, West- 
minster^ the author received the valuable assistance, in 
taking the photometric measurements, of Mr. A. Ayres, 
the Assistant Engineer of the Trinity House. 



No. of 
Lights. 


Mean 
Inten- 
sity 
of each 
Light 


Total 
Mean 
Inten- 
sity. 


Total 

Net 

Hone* 

power 

abaorbed. 


Machine. 


Lamp. 


1 
2 
3 


standard 
candles 

652 

634 
518 


stan- 
dard 
candles 

652 

1268 
1554 


2-59 
2-78 
2-89 


/Gramme, 

6-light, 

alter- 

j nating 

I currents. 


/2 circuits onlyv 
used (out of 4), 
and coupled up 
into one ; in 
tension: of a 
total length of 

> 100 yards. 


Jablochkoff 
candles. 



It must be noted, that the luminous intensities arrived 
at in these experiments are necessarily very much higher 
than are those arrived at from the actual street lighting 
in Paris and in London ; where the number of lights is 
greater, and the circuits much longer. 

Incandeseence.— The following particulars are given by 
M. Hippolyte Fontaine,* as having been arrived at with 
Reynier lamps at Messrs. Sauter, Lemonnier and Co.'s 
workshops in Paris : — 
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5 

6 

7 

10 


143 

124 

95 

48 


715 

744 
665 
480 


Gramme "A," 
single-light;. 
1 continuous 
[ current. 


One circuit, in] 
tension ; of a 
total length of | 
110 yards. J 


Reynier. 



♦ * Revue Industrielle,' Nov. 27, 1878. 
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An inspection of the above examples does not seem to 
warrant the assertion, that, as far as luminosity is con- 
cerned, a considerable loss is due to subdivision. As to 
expenditure of engine power, its increase is certainly not 
proportional to the augmentation obtained in the hght by 
adding to their number. This would point to a sensible 
diminution in the ratio of the working expenses to each 
light, by an increase in the number of the latter. As the 
item of- carbons is of course directly proportional to the 
number of lights, this diminution must be in the ratio of 
engine-power per light. 

The item of depreciation and interest upon prime cost 
should also be taken into consideration in the divisibility of 
the light, as against the production of the same number of 
lights by a series of single-light machines. Thus while 
the six lights in the first example, if provided on the Lontin 
or the De Meritens system, would entail but one machine; 
to do so by a series of Siemens or of Gramme single-light 
machines would require six of them. In the latter case 
the prime cost of the several machines would exceed con- 
siderably that of the single one required in the first case ; 
while the augmented amount of driving power required 
by the series would quite counterbalance any excess of light 
each might give off over that emanating from the single 
electric machine. With regard to the second example, as 
also in the third, a decided gain in luminosity is obtained 
by increasing the number of lights (within certain limits). 

The amounts of the luminous intensities in each of the 
three classes of lamps should, as already mentioned, be kept 
distinct; except as a guide in the selection, as to which 
class should prove to give the most economical result in 
any particular application. 

The following Table presents, it is hoped, some data as 
to the economic working of a few of the electric machines. 
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CHAPTER YIII. 

PROSPECTS OF ELEOTBIO LIGHTma. 

r 

That the use of electricity for lighting purposes has 
passed beyond the stage of mere experiment, so as to be 
successfully applicable in certain cases and under certain 
conditions, can hardly be doubted, if the numerous indus- 
trial establishments, such as ironworks^ cotton mills^ 
railway stations, both goods and passenger, to which this 
illumination has been applied in France, for lengthened 
periods and with results satisfactory in every way, are 
taken into consideration. But it must be borne in mind, 
that these solutions all belong to a very small class of 
illumination, each and all exacting conditions of a certain 
peculiar type; and not at all common to the ordinary 
illustrations of lighting. The principal of these require- 
ments for these cases, where large expanse of area is 
perhaps the distinguishing feature, are an abundance of 
light, in such quantities as to be almost unattainable ex- 
cept at considerable expense with gas, and where the 
absolute steadiness and noiselessness necessitated for close 
and continuous examination is not demanded* It is only 
to such large areas, requiring powerful centres of a rude 
form of light, does electric illumination pretend so far 
to have found a satisfactory commercial solution. 

An exacting and over expectant public has nevertheless 
demanded, nay required imperatively of it, that it should 
forthwith solve with success the other and more delicate 
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problems of illumination ; and this despite the warnings of 
those who know its capabilities best. That these succes- 
sive solutions will be arrived at in due time and with the 
advance of science, there is but little room to doubt, both 
as to street lighting and as to that of large interiors ; and 
even ultimately as to the more diflScult problem of domestic 
illumination. But that there are still many, very many 
obstacles, on the score of economy, of combustible electrodes, 
and others which have been noticed in these pages, as 
well as inconveniences in the form of want of steadiness, 
and of noise in the lights produced, no one is more aware 
than are those practical electricians, and others, who in 
many directions are endeavouring to remedy them. There 
is, however, one point on which justice is hardly done to 
electric illumination. It is as to the comparative cost of 
its production with that of other illuminants ; with gtis 
most especially. It seems to be hardly borne in mind, 
that the electric light, as an industrial application, is still 
in its early infancy ; and that all expenses attending it are 
at the best on a retail scale, if not even on an experi- 
mental one. While at the same time it is pitted against 
gas, which is manufactured at a wholesale price, and with 
all the improvements consequent upon half-a-century of 
production. If electricity enters the lists of competition 
against gas it must of course be exposed to this disad- 
vantage. But still the above facts seem hardly sufficiently 
to attract attention ; though it must be remembered also, 
that from this very cause considerable improvement with 
practice is in store for the electric illumination. 

Another considerable drawback to the introduction of 
this new illuminant, is the heavy first cost of plant for its 
production ; that is, it is a relatively heavy one for indi- 
vidual consumers, and where the expense attending the 



PROSPECTS OF ELECTETO LIGHTING. 103 

introduction of another form of lighting has already been 
incurred. 

Much has been said as to the sanitary improyement in 
the condition of large rooms, by the substitution of the 
electric light for gas. It is well known that in many 
rooms, both large and small, more fresh air is required to 
dilute the injurious products of combustion of the gas, 
than is needed for the respiration of the audiences sitting 
there. The great relief afibrded by the electric light from 
the heat given off by the gas jets, despite the intense tem- 
perature of the voltaic arc, vnll be due to the very small 
space it occupies ; and consequently to the much dimin- 
ished volume of air which has access to it. The electric 
flame does not present, probably, a quarter of the mibjce 
of that of a gas jet ; whilst perhaps fifty gas lights may 
have been replaced by the single electric one. It seems to 
have been somewhat hastily assumed, that the products of 
combustion arising from the electric spark are innocuous. 
The recent researches of a very able chemist, Mr. T. Wills, 
have enabled him to state as his opinion,* that the very 
high temperature of the electric spark causes the oxygen 
when burnt to form compounds of nitrogen, probably fumes 
of peroxide— gases which are very deleterious to health. 
Still, even if this were so (and Mr. Wills speaks somewhat 
hesitatingly as to the exact nature of the gases developed), 
the small number of the electric lights likely to be used 
in a room, and their necessarily elevated position, would 
render it ^o difficult matter to carry off Cy ga;es de- 
veloped by combustion ; as, for instance, those from a gas 
sun-Ught are got rid of. Moreover, as it is hardly probable 
that a non-combustible electrode would cause such noxious 
gases to be developed, at least in any abundance, the very 

* See * Journal of the Chemical Society,' Dec. l&th, 1878. 
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fiswjt that the use of carbon electrodes led to the develop- 
ment of such baneful emanations, would hasten the intro- 
diiction of some incombustible electrodes, — a circumstance 
which would certainly be the most eflFective means of 
rendering electric illumination of more extended, and 
indeed of general, application. 

Great fears have been expressed (and recently in a very 
tangible financial form) as to the future position of gas-^ 
distributing companies, in view of the adoption of electricr 
lighting. Much has been said, and by very eminent 
electricians too, as to the separate and distinct fields, which 
doubtless belong to each form of illumination. But while 
taking up each its allotted sphere, a certain portion of the 
largerjUuminations, the wants of which have been in many 
cases but ill supplied, will no doubt have to be resigned by 
gas ; each day, however, fresh applications and uses of it 
as a motive or as a heating power, are opening out, and 
which may, and probably will, prove more than a set-off. 

For purposes of the distribution of artificial light certain 
bodies, whether private companies or municipal corpora-* 
tions, have been legally entrusted with that duty; and 
large sums of money, representing the vested interests of a 
very large section of the public, are absorbed in the execu- 
tion of this work. Nor is it probable, speaking generally, 
that such functions will be lightly taken away from those 
bodies, on account of an improvement in a new form of 
illumination^ and which is applicable under certain circum- 
stances and to a limited portion of the sphere of action of 
those bodies. But to ensure such extension of legal pri- 
vileges, it must be shown, that the improvement is readily 
accepted and will be made use of by them as a step of 
progress ; and not churlishly, and with a dogged deter- 
mination to throw every obstacle in its way. 
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Becently the subject of electric illumination has been 
engaging, and naturally so, the close attention of the 
largest of our gas companies, the Gas Light and Coke, 
Company ; and a series of careful experiments and obser- 
vations have been undertaken under its direction to ascer- 
tain the bearings of the matter. Much disappointment, 
not to say pain, has in many quarters been caused by the 
unwillingness to allow the report thereon to be made 
public (as if fearing its contents), and at a feeling akin 
to bias, which has been allowed, perhaps unwittingly, to 
pervade the experiments. It is felt by some, that an 
opportunity has been allowed to pass away, by which a 
large and powerful body empowered to distribute artificial 
illumination, might have made itself acquainted with, and, 
without being absolutely friendly, might have obtained 
some control over an improvement to which seme place 
necessarily must be assigned within its own domain. To 
be in a position to be ready to introduce the change itself, 
when opportune, rather than let it be forced upon it by 
others, has been deemed by some persons a course which 
might in the end have been better for the Company itself. 

That improvements in street illumination should be 
made by the gas companies when put upon their mettle, 
was only natural, and there is plenty of room for an ameho- 
ration. It is a question of the relative price at which such 
improvement can be effected. The tendency for many 
years has been in all illuminations to concentrate, and to 
intensify the light-centres ; as for instance the very general 
introduction of sun burners with gas, instead of a number 
of isolated jets. The point at which this concentration 
•shall most beneficially cease seems the chief question at 
present. With gas the tendency is to accumulation, while 
with electricity it is to reduction in the intensity of those 
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centres. The matter will resolye itself most probably into 
a matter of comparative expense. The actual intensity in 
each particular case will of course vary ; but for street 
lighting, and for the interiors of public buildings of the 
ordinary size, light-centres of from 200 to 500 candle power 
will probably be found to be the most suitable. The very 
frequent occurrence of illuminations affording this abun- 
dance of light, which electricity readily supplies, is gradually 
accustoming the public to it ; and who will end in demand- 
ing a standard of a more liberal character than is at pre- 
sent in vogue. But if this more liberal supply of artificial 
light is adopted, gas, at anything like its present price, will 
have considerable difl^ulty in eventually competing econo- 
mically with electricity. It being understood of course, 
that this is not to be interpreted by the extravagant cost 
of the Jablochkoff system (against which the gas com- 
panies have been most fortunate to be pitied), but with 
some of the other methods, of which there are several 
which are quite applicable, and at a much more reasonable 
rate of expense. 

Take for instance, the improved gas illumination along 
Waterloo Place, Eegent Street, with its series of footway 
lamps of 80 candle-power. It is a question, if, with 
cannel gas at 4s. 4t2. per thousand cubic feet, as stated to be 
used, this illumination has not reached the financial limit 
between the two systems. Any considerable augmentation 
in the abundance of the light supplied would throw the 
balance of economy in fevour of the electric light — of 
course, supposing that the above price of gas be main- 
tained ; while the electric Hghting expenses are certainly 
capable of considerable reduction, as experience will show. 
In fact, with each system very considerable financial and 
other improvements can be effected. 
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Whatever be the limits within which these two 
illuminantSy gas and electricity, eventxially confine them* 
selves, one result will certainly foUow ; an improvement in 
the character, as well as a cheapening of illumination 
generally, from whatever source it may come. The 
general public will be the gaiaer thereby, and will be less 
under the influence of a monopoly, in the matter of arti- 
ficial light, than it is at present; while the world of 
science cannot but feel pleasure at a further progress 
realized in the application of its principles to general 
industry, and to the common welfare. 

The author cannot conclude these pages without expres- 
siDg his sincere thanks to all those gentlemen, who have 
aided him in the collection of the varied information con- 
tained in them. There is hardly a name mentioned, of 
those now connected with the subject, whether as men of 
science, as inventors, or as manufacturers, but from whom 
the author has received some kindly assistance. Though 
it seems almost invidious to name any one in particular, 
where indebted to so many, he cannot but thank most 
especially Mr. James N. Douglass (Engineer to the Trinity 
House), M. AUard (Inspector-General of French Light- 
houses), M. J. Allard (Chief Engineer of the Lighting 
Department of the City of Paris), and M. Lartigue 
(Northern of France Eailway), for the aid each has 
always so readily afforded him. 

The subject of the apphcation of electric lighting is one 
of such recent date, and its two main branches, the electri- 
cal and the mechanical, have hitherto been so little brought 
together and considered as one, that the author feels some 
diffidence, especially as to the latter part of his work, in 
putting it forward in its present form. It must, however, 
be considered as an attempt to collate, and to somewhat 



1 
■ 

I 



108 



ELECTRIC LIGHTING. 



arrange, the data necessary for a true appreciation of the 
entire subject. Many gaps are still waiting to be filled : 
much information and many details exist, to which the 
author has not had access, or of which he is not cognizant. 
He hopes, therefore, for the kind forbearance of his readers, 
in dealing with these deficiencies, or even, it may be, with 
mistakes. While he also trusts that they, on their part, 
will be good enough to communicate to him any informal 
tion, which will enable hun to add to, or to correct, the 
details contained in these pages. 
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who, being proficient in the art of Illumination, wish to illumi- 
nate the work according to their own tastes. Fcap. 4to, hand- 
somely bound, cloth gut, 6s» 
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COLLECTION CATALOGUE for NATURALISTS. 
A Ruled Book for keeping a permanent Record of Objects in 
any branch of Natural History, with Appendix for recording^ 
interesting particulars, and lettered pages for general Index. 
Strongly bound, 200 pages, ^s, 6d. ; 300 pages, lox. ; and 
2s. 6d, extra for every additional 100 pages. Working Cata- 
logues, is, 6d, each. 

COMPANION TO THE WRITING DESK. See 

" How to Address Titled People:^ 

CONCHOLOGY, Journal of. Seepage 31. 

COOKE, M. C, M.A,, LJUD. 
A PLAIN and EASY ACCOUNT of THE BRITISH 
FUNGI. With especial reference to the Esculent and other 
Economic Species. With Coloured Plates of 40 Species. 
Third Edition, rerised. Crown 8vo, doth, dr. 

THE BRITISH REPTILES : A Flam and Easy Account 
of the Lizards, Snakes, Newts, Toads, Frogs, and Tortoises 
indigenous to Great Britain. Numerous Illustrations, Coloured 
by hand. Fcap. 8vo, cloth, dr. 

RUST, SMUT, MILDEW, AND MOULD. An Intro- 
duction to the Study of Microscopic Fungi. Illustrated with 
269 Coloured Figures by J. E. Sowerby. Fourth Edition, 
with Appendix of New Species. Crown 8vo, cloth, 6x. 

A MANUAL OP BOTANIC TERMS. New Edition, 
greatly enlarged, including the recent Teratological terms. 
Illustrated with over 300 Woodcuts. Fcap. 8vo, cL, 2x. 6d, 

A MANUAL OF STRUCTURAL BOTANY. Revised 
Edition, with New Chemical Notation. Illustrated with 200 
Woodcuts. Twentieth Thousand. 32mo, cloth, \s» 

COOKE, M C, M.A., A.L.S., et JU QUELET, M.D.^ 0,A., 
Inst, et Sorb, laur, 

CLAVIS SYNOPTICA HYMENOMYCETUM EU- 
ROP^ORUM. Fcap. 8vo, cloth, 7j. dflT. 

COUCH, JONATHAN, F.L.S. 
BRITISH FISHES. A History of the Fishes of the British 
Islands. Illustrated with 256 beautifully Coloured Plates. 
Four Vols., super-royal 8vo, d., £^ 4J., reduced price £^ 3^. 

CRA WLE Y, RICHARD. 
THE YOUNGER BROTHER. A Comedy in Five AcU. 
Crown 8vo, cloth, dr. 

CRESSWELL, C. N, of the Inner TempU. 
WOMAN, AND HER WORK IN THE WORLD. 
Crown 8vo, cloth, 3^. d/. 
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CROWN OF LIFE (THE). By M. Y. W. With elegantly 
Illuminated Borders from designs by Arthur Robertson. 
Uniform with ** The Changed Cross," Fcap. 4to, d. extra, 6s, 

CUVIER, Baron, 

THE ANIMAL KINGDOM : Arranged after its Organisa- 
tion, forming a Natural History of Animals, and Introduction 
to Comparative Anatomy. With considerable additions by 
W. B. Carpenter, M.D., F.R.S., and J. O. Westwood, 
F.L.S. New Edition, illustrated with 500 Engravings oa 
Wood and 36 Coloured Plates. Imp. 8vo, cloth, 2\s, 

DARBY, W, A,, MA., KR.A.S, 

THE ASTRONOMICAL OBSERVER : A Handbook for 
the Observatory and the Common Telescope. Embracing 965 
Nebulae, Clusters, and Double Stars. Roy. 8vo, cloth, 7^. 6d, 

DA VIES, THOMAS. 
THE PREPARATION and MOUNTING of MICRO- 
SCOPIC OBJECTS. New Edition, greatly Enlarged 
and brought up to the Present Time by John Matthews, 
M.D., F.R.M.S., Vice-President of the Quekett Micro- 
scopical Club. Fcap. 8vo, cloth, 2s. 6d, 

DE CRESPIGNY, E,C,, M,D, 

A NEW LONDON FLORA ; or, Handbook to the Botani- 
cal Localities of the Metropolitan Districts. Compiled from 
the Latest Authorities and from Personal Observation. Crown 
8vo, cloth, y. 

DEWAR, J., L,R,C,P.E. 
INDIGESTION AND DIET. Crown 8vo, limp cloth, zs, 

DICK, Capt, ST, JOHN. 

FLIES AND FLY FISHING. Illustrated. Crown 8vo, 
doth, 4r. dd, 

DRAMATIC LIST (THE). A Record of the Principal Per- 
formances of Living Actors and Actresses of the British Stage. 
With Criticisms from Contemporary Journals. Compiled and 
Edited by Charles Eyre Pascoe. Crown 8vo, morocco 
gilt, 125, 6d. See also page 28. 

DRURY, E, y, 

CHRONOLOGY AT A GLANCE : An Epitome of Events 
from 4000 B.C. to A.D. 1877. With a Table giving the dates 
of the deaths of " England's most noted Worthies," Artists, 
Authors, Divines, Statesmen, Naval and Military Celebrities, 
&c., &c. Fcap. 8vo, sewed, is. 



10 Books Published by 

DUDGEON, R. E„ M.D. 
THE HUMAN EYE; Its Optical Constniction Popu- 
larly Explained. Illustrated with 32 Woodcuts. Royal 
i8mo, cloth, 5J-. dd, 

DUNCAN, JAMES, F.L.S. 

INTRODUCTION TO ENTOMOLOGY. With 38 
Coloured Plates. Fcap. 8^0, cloth, ^r. 6^. 

BRITISH BUTTERFLIES : A complete Description of 
the Larvae and full-grown Insects of our Native Species. 
With Coloured Figures of Eighty Varieties. Fcap. 8vo, 
cloth, 4r. 6^. 

BRITISH MOTHS : A complete Description of the Larvae 

and full-grown Insects of our Native Species. With Coloured 
Figures of Eighty Varieties. Fcap. 8vo, cloth, ^r. ^cL 

BEETLES, BRITISH AND FOREIGN. Containing a 
full description of the more important species. With Co- 
loured Figures of more than One Hundred Varieties. Fcap. 
8vo, cloth, 4r. 6^. 

NATURAL HISTORY of EXOTIC BUTTERFLIES. 

With 36 Coloured Plates. Fcap. 8vo, cloth, 4r. dd. 

NATURAL HISTORY OF EXOTIC MOTHS. With 
34 Coloured Plates. Fcap, 8vo, cloth, ^r. dd. 

DYER, Rev. T. R THIS ELTON, MA. 

ENGLISH FOLK LORE. C^w/^/j;— Trees— Plants- 
Flowers — The Moon — Birds — Animals — Insects — Reptiles 

Charms — Birth — Baptism — Marriage — Death — Days of the 
Week — The Months and their Weather Lore — Bells Miscel- 
laneous Folk Lore. Crown 8vo, cloth, 5^-. 

EA TON, Professor D, C, of Yale College, 

THE FERNS OF NORTH AMERICA. Illustrated 
with numerous Coloured Plates by James H. Emerton. 
Demv 4to. To be completed in 20 Parts, published at 'm- 
tervals of about two months, price 51. each. 

ECONOMIC PRODUCTS (Principal) FROM THE 
VEGETABLE KINGDOM. Arranged under their 
respective Natural Orders, with the names of the Plants and 
the parts used in each case. Demy 8vo, is. 6d, 

EDGEWORTH, M. P., P.L.S., F.A.S. 

POLLEN. Illustrated with 438 Figures. Second Edition, 
revised and corrected. Demy 8vo, cloth, Js. 6d, 
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EDWARDS, A, M.,' M.D,, C. JOHNSTON, M,D., and 
H, L. SMITH, LL,D. 
DIATOMS, Practical Directions for Collecting, Preserving, 
Transporting, Preparing and Mounting. Crown 8vo, doth, 

ELVIN, C.N, JIf.A. 
A SYNOPSIS OF HERALDRY. With 400 Engravings. 
Crown 8vo, cloth, y, 

EXERCISE AND TRAINING. Royal i6mo, cloth, illus- 
trated, price is. See Health Primers, page 29. 

EYTON, C. 

NOTES ON THE GEOLOGY OF NORTH SHROP- 
SHIRE. Fcap. 8vo, cloth, y. dd. 

FALCONER, HUGH, A.M., M.D. 
PAL^ONTOLOGICAL MEMOIRS OF. By Charles 
MURCHISON, M.D., F.R.S. Illustrated. Two Vols., demy, 
doth, £2 2s. 

FERN COLLECTOR'S ALBUM : A descriptive Folio for 
the reception of Natural Specimens ; containing on the right- 
hand page a description of each Fern printed in Colours, the 
opposite page bdng left Blank for the Collector to affix the 
dried Specimen ; forming, when filled, an elegant and com- 
plete collection of this interesting family of Plants. Size 
11^ in. by Sj4 in., handsomely bound, price One Guinea. 

FLEISCHMANN, A., M.R.C.S. 
PLAIN AND PRACTICAL MEDICAL PRECEPTS. 

Second Edition, revised and enlarged. On a large sheet, 4//. 

FORBES, URQUHART A., of LincolrCs Inn. 
THE LAW RELATING TO TRUSTEE AND POST- 
OFFICE SAVINGS' BANKS, with Notes of Decisions 
and Awards made by the Barrister and the R^;istrar of 
Friendly Societies. Demy i2mo, doth, yj. td, 

FORSA YTH, FRANCES JANE. 
THE STUDENT'S TWILIGHT; or. Tales in Verse. Fcap. 
8vo, cloth, y. 6d. 

FRY, HERBERT. 

ROYAL GUIDE TO THE LONDON CHARITIES, 
1878-9. Showing, 'in alphabetical order, their Name, Date 
of Foundation, Address, Objects, Annual Income, Chief 
Officials, &c. Sixteenth Anniial Edition. Crown 8vo, cloth, 
IX. 6d, 
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CATTY, Mrs. ALFRED, 

BRITISH SEAWEEDS. Drawn from Professor Harvey's 
"Phycologia Britannica." Illustrated with 80 Coloured 
Plates, containing 384 Figures. Two Volumes, super*royal 
8vO| cloth, ;^2 I or. ; reduced price £l ijs. 6d, 

GEACH, H. ff. 
A PLAIN OUTLINE OP LAW. Demy 8vo, cloth, 25. 6d. 

GEOLOGISTS' ASSOCIATION, Proceedings of. Edited 
by T. Lop AN LoBLEY, F.G.S. Demy 8vo, with Illustrations. 
Published Quarterly. Vol. I., 8 Parts, 6d, each ; VoL II., 
8 Parts ; Vol. IIL, 8 Parti ; VoL IV., 9 Parts; Vol. V., 
Parts I to 6, is. each. 

GRANVILLE, y. MORTIMER, M,D., L.R.C.P. 
THE CARE AND CURE OF THE INSANE : Being 
the Reports of The Lancet Commission on Lunatic Asylums, 
1875-6-7, for Middlesex, City of London, and Surrey (re- 
published by permission), with a Digest of the principal records 
extant, and a Statistical Review of the Work of each A^lum, 
from the date of its opening to the end of 1875. Two TaIs., 
demy 8vo, cloth, 361. 

COMMON MIND TROUBLES. Fcap. 8vo, doth, is. 

WHILE THE BOY WAITS : Essays. Cr. 8vo, cloth, dr* 

HAMILT017, R., M.D., F.R.S. 

THE NATURAL HISTORY OF BRITISH PISHES. 

With 72 Coloured Plates. Two VoU., fcap. 8vo, cloth, qj. 

The NATURAL HISTORY of SEALS, WALRUSES, 
&c. With 30 Coloured Plates. Fcap. 8vo, doth, \s. 6d. 

THE NATURAL HISTORY OP WHALES and 
other Cetacese. With 32 Coloured Plates. Fcap. 8vo^ doth, 

HEALTH PRIMERS. See page 29. 

HEAPHY, THOMAS. 
THE LIKENESS OF CHRIST. Being an Enquiry into 
the verisimilitude of the received likeness of our Blessed 
Lord. Edited by Wyke Bayliss, F.S.A. Illustrated with 
Twelve Photographs Coloured as Facsimiles, and Fifty En- 
gravings on Wood from original Frescoes, Mosaics, Paterae, 
and other Works of Art of the first Six Centuries. Hand- 
somdy bound in cloth gilt, atlas 4to. Price to Subscribers 
before issue, ;f 3 3J. 

HEREFORDSHIRE POMONA (THE). See Pomona. 
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BIBBERD, SHIRLEY, KR,H,S, 

BEAUTIFUL-LEAVED PLANTS, NEW AND 

RARE. Illustrated with 54 Coloured Engravings. One 
♦ • Volume, super-royal. 8vo, cloth, £i 5j. ; reduced price 

i&r. 9</. For First Series see under Lowe, 

HOOKER, Sir JV. y., FR.S. 

EXOTIC FLORA; Containing Figures and Descriptions of 
Rare or otherwise Interesting Exotic Plants. 232 large and 
beautifully Coloured Plates. Three Volumes, imperial 8vo, 
cloth extra, gilt, £1$ ; reduced price £6 6s, 

SPECIES FILICUM. Being Descriptions of the known 
Ferns, accompanied with 304 Plates, containing numerous 
Figures. Five Volumes, 8vo, cloth extraj £j Ss. ; reduced 
price £4. 

HOOKER, Sir W. J., FR.S,, and % G, BAKER, FL,S. 

SYNOPSIS FILICUM ; or, A Synopsis of all Known 
Ferns, including the Osmundacese, Schizseacese, Marratiaceae, 
and Ophioglossacese (chiefly derived from the Kew Her- 
barium), accompanied by Figures representing the Essential 
Characters of each Genus. Second Edition, brought up to 
the Present Time. 8vo, cloth, £i 2s. 6d,, plain ; £1 Ss., 
coloured. 

HOUSE (THE) AND ITS SURROUNDINGS. Royal 
i6mo, cloth, price is. See Health Primers, page 29. 

HOWDEN, PETER, V.S. 

HORSE WARRANTY : A Plain and Comprehensive Guide 
to the various Points to be noted, showing which are essen- 
tial and which are unimportant. With Forms of Warranty. 
Fcap. 8vo, cloth, 3^. 6</. 

HOW TO ADDRESS TITLED PEOPLE. With Expla- 
nations of over 500 Abbreviations, Academical, Ecclesiastical, 
Legal, Literary, Masonic, Imperial, and Ancient. Royal 
32mo, cloth gilt, u. 

HOW TO CHOOSE A MICROSCOPE. By a Demon- 
strator. With 80 Illustrations. Demy 8vo, is. 

HOW TO USE THE PISTOL. The Pistol as a Weapon 
of Defence in the House and on the Road : How to Choose 
it and How to Use it. Crown 8vo, cloth, 2s* 6d, 
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HUNTER, y., laU Hon, Sec, of the Brit. Bee-keeperi AssociatUm. 

A MANUAL OP BEE-KEEPING. Containimg Practical 
Information for Rational and Profitable Methods of Bee 
Manap;ement. Full Instructions on Stimulative Feeding, 
Ligonanizing and Queen-raising, with descriptions of the 
best Hives and Apiarian Appliances on all systems. With 
Illustrations. Third Edition. Fcap. 8vo, cloth, ^f. dd. 

[In the press, 

IDYLS OF THE RINK. lUustrated by G. Bowers and 
J. Carlisle. Royal i6mo, cloth gilt, 2J. 6^. 

*' A series of capital parodies on well-known poems, all exceedingly clever. " 

JARDINE, Sir W,, F.L.S., F.R.S. 

THE NATURAL HISTORY OP BRITISH BIRDS. 

With 120 Coloured Plates. 4 vols. Fcap. 8vo, doth, i&r. 

THE NATURAL HISTORY OP SUN BIRDS. With 
30 Coloured Plates. Fcap. 8vo, cloth, 41. 6</. 

THE NATURAL HISTORY OP HUMMING BIRDS. 

With 64 Coloured Plates. 2 vols. Fcap. 8vo, cloth, 9J. 

THE NATURAL HISTORY OP GAME BIRDS. With 
30 Coloured Plates. Fcap. Svo, cloth, 4r. 6^. 

THE NATURAL HISTORY of PHEASANTS, PEA- 
COCKS, &c. With 29 Col. Plates. Fcap. Svo, cloth, 4;. 6d. 

THE NATURAL HISTORY OP LIONS, TIGERS, 

&c. With 34 Coloured Plates. Fcap. Svo, cloth, 4r. 6d, 

THE NATURAL HISTORY of DEER, ANTELOPES, 

&c. With 33 Coloured Plates. Fcap. Svo, cloth, 4s. dd. 

THE NATURAL HISTORY OP SHEEP, OXEN, 

&c. With 31 Coloured Plates. Fcap. Svo, cloth, 41. td. 

THE NATURAL HISTORY OP MONKEYS. With 

29 Coloured Plates. Fcap. Svo, cloth; 41-. dd, 

THE NATURAL HISTORY OP BEES. With 32 
Coloured Plates. Fcap. Svo, ploth, 4X. dd, 

THE NATURAL HISTORY of the PERCH FAMILY. 

With 34 Coloured Plates. Fcap. Svo, cloth, 4r. 6</. 

THE NATURAL HISTORY OP THICK-SKINNED 
QUADRUPEDS— Elephants, Rhinoceri, &c. With 

30 Coloured Plates. Fcap. Svo, doth, 4r. 6^. 
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JE WITT, LLE WELL YNN, K S.A. 
HALF-HOtJRS AMONG ENGLISH ANTIQUITIES. 

Contents: Arms, Armour, Pottery, Brasses, Coins, Church 
Bells, Glass, Tapestry, Ornaments, Flmt Implements, &c. 
With 304 Illustrations. Second Edition. Crown 8vo, cloth 
extra, 5^*. 

yOHNSON, R, LOCKE, L,R,C,P,, L,R,C,L, L.S^A., ^^. 
FOOD CHART, giving the Names, Classification, Composi- 
tion, Elementary Value, rates of Digestibility, Adulterations, 
Tests, &c., of the Alimentary substances in general' use 
In wrapper, 4to, 2J. 6</. ; or on roller, varnished, 6s, 

JORDAN, W, Z., F,R.aS. 

REMARKS ON THE RECENT OCEANIC EX- 
PLORATIONS, and the Current-creating Action of Vis- 
Inertise in the Ocean. With 6 Plates. Demy 8vo, cloth, 4^, 

THE WINDS, and their Story of the World. Demy 8vo, 
cloth, 5j. 

THE SYSTEM OF THE WORLD CHALLENGE 
LECTURES. Being Lectures on the Winds, Ocean Cur- 
rents, and Tides, and what they tell of the System of the 
World. Second Edition. Illustrated with Maps and Dia- 
grams. Demy 8vo, cloth, 4s, 

THE ARGENTINE REPUBLIC, A Descriptive and 
Historical Sketch. Written for the Ninth Edition of the 
Encyclopaedia Britannica. Demy 8vo, cloth, 2s, 

KENT^'^W. SAVILLE, F.L.S., F.Z.S., E.R.M.S., formerly 
Assistant in the Nat. Hist, Department of the British Museum, 
A MANUAL OF THE INFUSORIA. Comprising a De- 
scriptive Account of all known Flagellate, Ciliate, and Penta- 
culiferous Protozoa. With numerous Illustrations. Super- 
royal 8vo, cloth. 

KINAHAN, G, H, 

HANDY BOOK OF ROCK NAMES. With Brief De- 
scriptions of the Rocks. Fcap. 8vo, cloth, 4r. 

LANKESTER, E,, M.D,, F.R.S., FL.S, 

OUR FOOD : Lectures delivered at the South Kensington 
Museum. Illustrated. New Eklition. Crown 8vo, cloth, 4^. 

THE USES OF ANIMALS in Relation to the Industry 
of Man : Lectures delivered at the South Kensington Museum. 
Illustrated. New Edition. Crown 8vo, cloth, 4J. 

PRACTICAL PHYSIOLOGY: A School Manual of Health, 
for the use of Classes and General Reading. Illustrated with 
numerous Woodcuts. Sixth Edition. Fcap. 8vo, cloth, 2s, 6d, 
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HALF -HOURS WITH THE MICROSCOPE: A 

Popular Guide to the Use of the Instrument. With 250 
Illustrations. Sixteenth Thousand, enlarged. Fcap. Svo, 
cloth, plain 2s. 6d, ; coloured 41. 

SANITARY INSTRUCTIONS: A Series of Handbills 
for general Distribution : — I. Management of Infimts ; 

2. Scarlet Fever, and the best Means of Preventing it ; 

3. Typhoid or Drain Fever, and its Prevention ; 4. Small 
Pox, and. its Prevention ;-5. Cholera and Diarrhoea, and its 
Prevention; 6. Measles, and their Prevention. Each, i^.; 
per dozen, 6d, ; per 100, 4^.; per 1,000, 3ar. 

LANKESTER, MRS. 

TALKS ABOUT HEALTH : A Book for Boys and Girls; 
Bein^ an Explanation of all the Processes by which Life is 
sustamed. Illustrated. Small 8vo, cloth, \s, 

A PLAIN and EASY ACCOUNT of BRITISH FERNS. 

Together with their Classification, Arrangement of Genera, 
Structures, and Functions, Directions for Out-door and In- 
door Cultivation, &c. Numerous Coloured Illustrations. 
A New Edition in preparation, 

WILD FLOWERS WORTH NOTICE : A Selection of 
some of our Native Plants which are most attractive for their 
Beauty, Uses, or Associations. With Coloured lUustratioDs 
by J. E. SOWERBY. A New Edition in preparation, 

LONDON CATALOGUE OF BRITISH PLANTS. 
Published under the direction of the London Botanical Ex- 
change Club, adapted for marking Desiderata in Exchanges of 
Specimens ; and for a Guide to Collectors, by showing the 
rarity or frequency of the several Species. Seventh Edition. 
8vo, sewed, (>d, 

LORD, y. KEAST. 

AT HOME IN THE WILDERNESS: What to Do 

there and How to do it A Handbook for Travellers and 

Emigrants. With numerous Illustrations of necessary Baggage, 

Tents, Tools, &c. &c. Second Edition. Crown 8vo, cloth, 5J. 

LOWE, E. y., F.R.A.S. 

BEAUTIFUL-LEAVED PLANTS. Describing the most 
beautiful-leaved Plants in cultivation in this country. Illus- 
trated with 60 Coloured Illustrations. One Volume, super- 
royal 8vo, cloth, £1 is.f reduced price i6s. For Second Series 
sec under Hibberd, 



Hardwicke and Bogue. 1 7 



OUR NATIVE FERNS, AND THEIR VARIETIES. 
Illustrated with 79 Coloured Plates, and 909 Wood Engrav- 
ings. Two Volumes, royal 8vo, cloth, £,2 2J., reduced price 
£\ 1 1 J. 6</. 

BRITISH AND EXOTIC FERNS, NATURAL HIS- 
TORY OF. Illustrated with 479 finely Coloured Plates. 
Eight Volumes, super-royal 8to, cloth, jfo dr., reduced price 
jf 4 147. dd, 

NEW AND RARE FERNS, NATURAL HISTORY 

OF. . Containing Species and Varieties not included in 
"Ferns, British and Exotic." Illustrated with 72 Coloured 
Plates and Woodcuts. One Volume, super-royal 8vo, cloth, 
£\ IS., reduced price idr. 

BRITISH GRASSES, NATURAL HISTORY OF. 
Illustrated with 74 finely Coloured Plates. One Volume, 
super-royal Svo, cloth,;£'i is., reduced price idr. 

MACGILLIVRAY, Wi, F.J^.S. 
NATURAL HISTORY of BRITISH QUADRUPEDS. 

With 34 Coloured Plates. Fcap. Svo, cloth, 4s, 6d, 

MANONALL'S HISTORICAL & MISCELLANEOUS 
QUESTIONS. New Edition, car^ully revised and brought 
up to the Present Time. Well printed and strongly bound, 
lomo, cloth boards, is, 

MARTIN, W. C, L, 
The NATURAL HISTORY of HUMMING BIRDS. 
With 14 Coloured Plates. Fcap. Svo, cloth, 4r. 6d, 

MASON, FINCH. 
MY DAY WITH THE HOUNDS, and other Stories. 
With numerous Illustrations by the Author. Crown Svo, cloth. 

MAUND, B., F.L.S. 

THE BOTANIC GARDEN ; consisting of highly-finished 
Figures of Hardy Ornamental Flowering Plants, cultivated in 
Great Britain ; with their Names, Orders, History, Qualities, 
Culture, and Physiological Observations. Edited by Tames C. 
NiVEN, Curator of the iBotanic Gardens, Hull. Illustrated 
with 1,250 Coloured Figures. Six Volumes, super-royal Svo, 
cloth, £iz \2s., reduced price £<) 9x. 

MICHOD, C. y., late Secretary of the Londen Athletic Club. 
GOOD CONDITION : A Guide to Athletic Training, for 
Amateurs and Professionals. Fourth Thousand. Small Svo, 
cloth, IS. 

B 
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MIDLAND NATURALIST. See page zi. 

MILTON, y, Z., M.R.C.S. 

THE STREAM OP LIFE ON OUR GLOBE: Its 

Arehives, Traditions, and Laws, as revealed by Modem 
Discoveries in Geology and Palaeontology. A Sketch in 
Untechnical Language of the Beginning and Growth of Life, 
and the Physiological Laws which govern its Progress and 
Operations. Second Edition. Crown 8vo, cloth, 6s, 

MIVART, ST. GEORGE, KE.S., KP.Z.S. 

MAN AND APES : An Exposition of Structural Resem- 
blances and Differences bearing upon Questions of Affinity 
and Origin.* With numerous Illustrations. Crown 8vo, cloth, 6x. 

MONKHOVEN, D. VAN, Ph.D, 

PHOTOGRAPHIC OPTICS, including the description of 
Lenses and Enlarging Apparatus. With 200 Woodcuts. Crown 
8vo, cloth, 7j. dd, 

MORRIS, Rev, F. 0,, B,A. 

BRITISH BIRDS, HISTORY OF. New Edition, En- 
larged. Illustrated with 365 Coloured Engravings. Six 
Volumes, super-royal 8vo, cloth, £6 6s,, reduced price, 
£^ I4f. 6d, 

BRITISH BUTTERFLIES, HISTORY OF. New 

Edition, Enlarged. Illustrated with 72 beautifully Coloured 
Plates. In One Vol., super-royal 8vo, cloth, £1 is,, reduced 
price I dr. 
BRITISH MOTHS, NATURAL HISTORY OF. The 
Plates contain nearly 2000 exquisitely Coloured Specimens. 
Four Vols., super-royal 8vo, cloth, £6_ 6s,, reduced price, 
£^ 14J. 6d, 

NESTS and EGGS of BRITISH BIRDS, NATURAL 
HISTORY OF. New Edition, Enlarged. Illustrated 
with 233 Coloured Plates. Three Vols., super-royal 8vo, 
cloth, £'Z 3J., reduced price ;f 2 8j. 

NATURALIST'S LIBRARY (THE). Edited by Sir 
William Jardine, F.L.S. F.R.S. Containing numerous 
Portraits and Memoirs of Eminent Naturalists, Illustrated 
with 1,300 Coloured Plates. Forty- two Volumes, fcap. 8vo, 
cloth, gilt tops, £^ 9^. 

THE LIBRARY comprises,— BIRDS, 15 Vols. British 
Birds, 4 Vols., Sun Birds, Humming Birds, 3 Vols., Game 
Birds, Pigeons, Parrots, Birds of Western Africa, 2 Vols., 
Fly- Catchers, Pheasants and Peacocks, &c. ANIMALS, 
14 Vols. Introduction, Lions and Tigers, British Quadru- 
peds, Dogs, 2 Vols., Horses, Ruminating Animals, 2 Vols., 
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Elephants, Marsupialia, Seals, Whales, Monkeys, and Man. 
INSECTS, 7 Vols. Introduction to Entomol(^, British 
Butterflies and Moths, 2 Vols., Foreign Butterflies and Moths, 
2 Vols., Beetles, Bees. FISHES, 6 Vols. Introduction 
and Foreign Fishes, British Fishes, 2 Vols., Perch Family, 
Fishes of Guiana, 2 Vols. 

• Fuller Details of these will be found under the authors* 
names. See Bushnan, Duncan, Hamilton, Jardine, 
Macgillivray, Martin j Schomburgk, Selby, Smith, 

SWAINSON, WATERHOUSE. 

NAVE, JOHANN. 

THE COLLECTOR'S HANDY-BOOK of Alg», 
Diatoms, Desmids, Fungi, Lichens, Mosses, &c. With 
Instructions for their Preparation and for the Formation of an 
Herbarium. Translated and Edited by Rev. W. W. Spicer, 
M.A. Illustrated with 114 Woodcuts. Fcap. 8vo, cloth, 2x. 6^. 

NEWMAN, EDWARD, F.Z.S. 

BRITISH BUTTERFLIES (AN ILLUSTRATED 
NATURAL HISTORY OF). With Life-size Figures 
from Nature of each Species, and of the more striking Varie- 
ties, &c. &c. Super-royal 8vo, cloth, 7^. dd. 

BRITISH MOTHS (AN ILLUSTRATED NATURAL 
HISTORY OF). With -Life-size Figures from Nature 
of each Species, and of the more striking Varieties ; also full 
descriptions of both the Perfect Insect and the Caterpillar, 
together with Dates of Appearance and Localities where 
found. Super-royal 8vo, cloth gilt, 20j. 

The above Works may also be had in One Volume, cloth gilt, 2Sf» 
NEWTON, JOSEPH, F.R,H,S. 

THE LANDSCAPE GARDENER ; A Practical Guide 
to the Laying-Out, Planting, and Arrangement of Villa 
Gardens, Town Squares, and Open Spaces, from a Quarter 
of an Acre to Four Acres. For the use of Practical Gar- 
deners, Amateurs, Architects, and Builders. With 24 Plans. 
Fcap. folio, cloth,- 1 2^". 

NOTES ON COLLECTING AND PRESERVING 

NATURAL HISTORY OBJECTS. Edited by I.E. 

Taylor, F.L.S., F.G.S., Editor of "Science Gossip." With 

numerous Illustrations. Crown 8vo, cloth, 3J. 6d. 

Cofttfnts ^Geological Specimens, by the Editor ; Bones, by E. F. Elwin; 

Birds' Eegs, by T. Southwkll, F.Z.S. ; Butterflies, by Dr. Knaggs ; 

Beetles, by E. C. Ryk, F.Z.S. ; Hymenoptera, by J. B. Bridgman ; 

Fresh-water Shells, by ProC Ralph Tate, F.G.S. ; Flowering Plants, 

by James Britten, F.L.S. ; Trees and Shrubs, by Prof. Buckman, 

F.G.S. ; Mosses, by Dr. Braithwaitb, F.L.S. ; Fungi, by W. G.Smith, 

F.L.S. ; Lichens, by Rev. J. Crombie ; Seaweeds, by W. Grattann. 
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20 Books Published by 

PASCO E^ Charles E. 

SCHOOLS FOR GIRLS AND COLLEGES FOR 
WOMEN : A Handbook of Female Education, chiefly 
Designed for the Use of Persons of the Upper Middle Class. 
Crown Svo, doth, 51. 

THE PRINCIPAL PROFESSIONS, A PRACTICAL 
HANDBOOK TO. Compiled from Authentic Sources, 
and based on the most recent Regulations concerning admis- 
sion to the Navy, Army, and Civil Services (Home and Indian), 
the Legal and Medical Professions, the Professions of a Civil 
Engineer, Architect and Artist, and the Mercantile Marine. 
Crown 8vo, doth, 3X. 6d. 

THE DRAMATIC LIST. Su under Dramatic^ page ^. 

PERSONAL APPEARANCES IN HEALTH AND 
DISEASE. Royal i6mo, cloth, illustrated, price is. See 
Health Primers, page 29. 

PHILLIPS, LAWRENCE B„ F.R.A.S. 
THE AUTOGRAPHIC ALBUM: A Collection of 470 
Facsimiles of Holograph Writings of Royal, Noble, and 
Distinguished Men and Women of Various Nations, &g. 
Small 4to, cloth, 12s, 

JPHIN, y., Editor of American Journal of Microscopy » 

HOW TO USE THE MICROSCOPE. Practical Hints 
on the Selection and Use of the Microscope, intended for 
B^^ners. Second Edition. Crown 8vo, doth, 3^. td, 

POMONA, THE HEREFORDSHIRE. Containing Co- 
loured Figures and Descriptions of the most esteemed kinds 
of Apples and Pears. Edited by Robert Hogg, LL.D., 
F.L.S. Part I. Illustrated with Coloured Figures and 
Woodcuts, 4to, sewed, price 15J. 

.POPULAR SCIENCE REVIEW: A Quarterly Summary 
of Scientific Progress and Miscellany of Entertaining and 
Instructive Artides on Scientific Subjects, by the Best Writers 
of the Day. Second Series. Edited by W. S. Dallas, 
F.L,S., F.G.S. With high-class Illustrations by firsl-rate 
Artists. The First Series, edited by Dr. Henry Lawson, 
F.R.M.S., is Complete in 15 Volumes, fully Illustrated. 
Price in Parts, £*i 12s. 6d, ; in cloth gilt, £<^ 2s, ; in half 
morocco, extra, ;f 11 Ss, Second Series, Vols, i and 2, in 
Numbers, ;f I ; in cloth gilt, £i 41.; in half morocco, extra, 
£1 I2J-. S^e also page ^i, 

PREMATURE DEATH : Its Promotion or Prevention. 
Royal i6mo, doth, price is. See Health Primers, page 20 
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PROCTOR, RICHARD A., M,A., RR.A.S, 

HALF.HOURS WITH THE STARS : A Plain and 
Easy Guide to the knowledge of the Constellations ; showing, 
in 12 Maps, the position of the principal Star-groups, night 
after nignt throughout the Year, with Introduction and a 
separate Explanation of each Map. Ninth Thousand. Demy 
4to, boards, 5^. 

HALF-HOURS WITH THE TELESCOPE : A Popular 
Guide to the Use of the Telescope as a means of Amusement 
and Instruction. Fifth Edition, Illustrated. Fcap. 8vo, 
cloth, 2s, 6d, 

QUEKETT MICROSCOPICAL CLUB, Journal of the. 
Seepage^!, 

ROBSON, JOHN E. 

BOTANICAL LABELS for Labelling Herbaria, adapted to 
the names in the London Catalogue of Plants and the Manuals 
of Professor Babington and Dr. Hooker, with Extra Labels 
for all New Species and Varieties recorded in the recent 
volumes of " The Journal of Botany" and the Exchange Club 
Reports. In all 3,576 Labels, with Index. Demy 8vo, 5j. 

RUSSELL. C. 

THE TANNIN PROCESS. Second Edition, with Ap- 
pendix. Fcap. Svo, cloth, 2j. 6d, 

SCHAIBLEy CHARLES H, M.D,, Ph.D. 

FIRST HELP IN ACCIDENTS: Being a Surgical Guide 
in the absence, or before the arrival, of Medical Assistance, for 
Uie use of the Public. Fully Illustrated. 32mo, cloth, is, 

SCHLEIDENy % M., M.D. 
THE PRINCIPLES OF SCIENTIFIC BOTANY; or. 
Botany as an Inductive Science. Translated by Dr. Lan- 
KSSTER. Numerous Woodcuts, and Six Steel Plates. Demy 
Svo, cloth, loj. 6d. 

SCHMIDT, ADOLPH, assisted by GRUNDLER, GRUNOW^ 
JANECH, <Srv. 
ATLAS OF THE DIATOM ACE^. This magnificent work 
consists of Photographic Reproductions of the various forms of 
Diatomacese, on Folio Plates, with description (in German). 
Price to Subscribers, for Twelve Parts, payable in advance, 
;f 3 125. To be Completed in about 25 Parts. (Fourteen Parts 
are new ready.) 
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SCHOMBURGK, R, H,, M,D, 

THE NATURAL HISTORY OF THE FISHES OF 
BRITISH QUIANA. With 66 Coloured Plates. Two 
Vols., fcap. 8vo, cloth, 9^. 

SCIENCE GOSSIP. A Medium of Interchange and Gossip 
for Students and Lovers of Nature. Edited by J. E. Taylqr, 
F.L.S., F.G.S., &c. Published Monthly, with numerous 
Illustrations; Price Fourpence, or by post Fivepence. 14 
Volumes published, price 51. each. See also page 32. 

SELBY, P. J,, F.R.S., F.L.S. 
THE NATURAL HISTORY OF PIGEONS. With 30 
Coloured Plates. Fcap. 8vo, cloth, 41. 6d, 

THE NATURAL HISTORY OF PARROTS. With 30 
Coloured Plates. Fcap. 8vo, cloth, 41. 6d, 

SHARPE^ W,, M.D., Surgeon Army Medical Department 

MAN A SPECIAL CREATION ; or. The Pre-oidained 
Evolution of Species* Crown 8vo, cloth, 6s, 

•the CONQUEROR'S dream, and other Poems. Crown 

8vo, cloth, 2s, 6d. 

SHOOLBRED, J. A. 

ELECTRIC LIGHTING, and Its Practical Application. 
With Results from existing Examples. Numerous Illustra- 
tions, crown 8vo, cloth. \In February, 

SHOOTING ON THE WING. Plam Directions for ac- 
quiring the art of Shooting on the Wing. With useful Hints 
concerning all that relates to Guns and Shooting, and particu- 
larly in regard to the Art of Loading so as to Kill, By an 
Old Gamekeeper. Crown 8vo, cloth, 3J. 6df. 

SIMMONDS, P, L. , Editor of the Journal of Applied Science, 
WASTE PRODUCTS AND UNDEVELOPED SUB- 
STANCES : A Synopsis of Progress made in their Economic 
Utilization during the last Quarter of a Century, at Home and 
Abroad. Third Edition. Crown 8vo, cloth, 9J. 

SCIENCE AND. COMMERCE : Their Influence on our 
Manufactures. A Series of Statistical Essays and Lectores 
describing the Progressive Discoveries of Science, the Ad- 
vance of British Commerce, and the Activity of our Principal 
Manufactures in the Nineteenth Century. Fcap. 8vo, cL 6s, 

SMITH, Lieut, Col, C, H, 

THE NATURAL HISTORY OF DOGS. With 60 

Coloured Plates. Two Vols., fcap. 8vo, cloth, 9^. 
THE NATURAL HISTORY OF HORSES. With 35 
Coloured Plates. Fcap. 8vo, cloth, 41. 6d, 
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THE NATURAL HISTORY OF MAMMALIA. With 
30 Coloured Plates. Fcap. 8vo, cloth, 4r. dd, « 

THE NATURAL HISTORY OF MAN. With 34 Plates. 
Fcap. 8yo, cloth, 41. 6^. 

SMITH, y., A,L,S., late Curator of the Royal Gardens^ Kew. 

FERNS, BRITISH AND FOREIGN: The History, 
Organography, Classification, and Examination of the Species 
of Garden Ferns, with a Treatise on their Cultivation, and 
Directions showing which are the best adapted for the Hot- 
house, Greenhouse, Open Air Fernery, or Wardian Case. With 
an Index of Genera, Species, and Synonyms. Fourth Edition, 
revised and greatly enlarged, with New Figures, &c. Crown 
8vo, cloth, 7j. 6t/. 

BIBLE PLANTS : Their History. With a Review of the 
Opinion^ of Various Writers regarding their Identification. 
Illustrated with 10 Lithographic Plates by W. H. Fitch, 
F.L.S. Crown 8vo, cloth, 5J. 

SMITH, WORTHINGTON, F,L.S. 

MUSHROOMS AND TOAPSTOOLS : How to Distin- 
guish easily the Difference between Edible and Poisonous 
Fungu Two large Sheets, containing Figures of 29 Edible 
and 31 Poisonous Species, drawn the natural size, and 
Coloured from Living Specimens. With descriptive letter- 
press, 6f. ; on canvas, in cloth case for pocket, lar. 6d, ; on 
canvas, on rollers and varnished, lar. 6el, The letterpress may 
be had separately, with key-plates of figures, is, 

SOWER BY, 7. 

ENGLISH BOTANY. Containing a Description and Life- 
size Drawing of every British Plant. Edited and brought up 
to the Present Standard of Scientific Knowledge, by T. 
BOSWELL Syme, LL.D., F.L.S., &c. With Popular De- 
scriptions of the Uses, History, and Traditions of each 
Plant, by Mrs. Lankester. Complete in 11 Volumes, 
cloth, ;^22 8x. ; half morocco, £2/^ 12s, ; whole morocco, 
£2% 3J. 6d. 

SPICERy Rev, W. W,, M.A. 

A HANDBOOK OF THE PLANTS OF TASMANIA. 
Illustrated with Woodcuts and a Coloured Frontispiece. 
Crown 8vo, cloth, yj. 6d, 

STABLES, m, M,D. 

MEDICAL LIFE IN THE NAVY. Being the Experiences 
of a Naval Surgeon, described for Non-professional Readers. 
Fcap. 8vo, cloth, 2j. td. 
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STEINMETZ, A. 

SMOKER'S GUIDE (THE), PHILOSOPHER AND 
FRIEND. What to Smoke— What to Smoke With— and 
the whole "What's What" of Tobacco, Historical, Bota- 
nical, Manufactural, Anecdotal, Social, Medical, &c. Sixth 
Thousand. Royal 32mo, doth, is. 

SWAINSON, IV., F,R,S,, F.L.S. 

THE NATURAL HISTORY OF THE BIRDS OF 
WESTERN AFRICA. With 64 Coloured Plates. Two 
vols., fcap. 8vo, cloth, qj. 

THE NATURAL HISTORY OF FLYCATCHERS. 

With 31 Coloured Plates. Fcap. 8vo, cloth, 41. 6d. 

SYMONDS, Rev. W. S., Rector of Pendock. 

OLD BONES; or, Notes for Young Naturalists. With 
References to the Typical Specimens in the British Museum. 
Second Edition, much improved and enlarged. Numerous 
Illustrations. Fcap. 8vo, cloth, zs. 6d, 

TATE, Professor RALPH, F.G.S. 

BRITISH MOLLUSKS; or, Slugs and Snails, Land and 
Fresh-water. A Plain and Easy Account of the Land and 
Fresh-water MoUusks of Great Britain, containing Descrip- 
tions, Figures, and a Familiar Account of the Habits of each 
Species. Numerous Illustrations, coloured by hand. Fcap. 
8vo, cloth, ds. 

TAYLOR, y. E., F.L.S., F.G.S., Editor of " Science Gossip." 

FLOWERS : Their Origin, Shapes, Perfumes, and Colours. 
Illustrated with 32 Coloured Figures by Sowerby, and i6i 
Woodcuts. Second Edition. Crown 8vo, cloth gilt, ys. 6d. 

HALF-HOURS IN THE GREEN LANES. A Book 
for a Country Stroll. Illustrated with 300 Woodcuts. Fourth 
Edition. Crown 8vo, cloth, 4r. 

HALF-HOURS AT THE SEA SIDE; or. Recreations 
with Marine Objects. Illustrated with 250 Woodcuts. Third 
Edition. Crown 8vo, cloth, 4^. 

GEOLOGICAL STORIES: A Series of Autobiographies in 
Chronological Order. Numerous Illustrations. Fourth Edition. 
Crown 8vo, cloth, 4^. 6d. 

THE AQUARIUM : Its Inhabitants, Structure, and Manage- 
ment With 238 Woodcuts. Crown 8vo, cloth extra, 6s. 

See also Notes on Collecting and Preserving Natural 
History Objects, page 19. 
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TRIMEN,H,,M.B. (Lond.),JF.L,S,, and DYER, W. T.,B.A. 
THE FLORA OF MIDDLESEX : A Topographical and 
Historical Account of the Plants found in the County. With 
Sketches of its Physical Geography and Climate, and of the 
Progress of Middlesex Botany during the last Three Centu- 
ries. With a Map of Botanical Districts. Crown 8vo, 12s, 6d, 

TRIPP, F. E. 

BRITISH MOSSES : Their Homes, Aspects, Structure, and 
Uses. Containing a Coloured Figure of each Species, etched 
from Nature. Illustrated with 39 beautifully Coloured Plates. 
Two Vols., super-royal 8vo, cloth, £z lor., reduo^ price, 
jCi I7<r« 6(/. 

TROTTER, M. E. 
A METHOD OF TEACHING PLAIN NEEDLE- 
WORK IN SCHOOLS. Illustrated with Diagrams and 
Samplers. New Edition, revised and arranged according to 
Standards. Demy 8yo, cloth, 2s» 6d, 

TURNER, M,, and HARRIS, W, 
A GUIDE to the INSTITUTIONS and CHARITIES 
for the BLIND in the United Kingdom. Together with 
Liits of Books and Appliances for their Use, a Catalogue 
of Books published upon the subject of the Blind, and 
a List of Foreign Institutions, &c Demy Sto, cloth, 5J. 

TWINING, THOMAS, F.S.A. 

SCIENCE MADE EASY. A Connected and Progressive 
Course of Ten Familiar Lectures. Six Parts, 4to, price is. 
each. Contents : — Part I. Introduction, explaining the purpose 
of the present Course, and its use in Schools, or for Home 
Study. — Part II. Lecture I. The first Elements of Mechani- 
cal Physics. Lecture II. Mechanical Physics {continued), — 
Part ill. Lecture III. Mechanical Physics {concluded). 
Lecture IV. Chemical Physics. — Part IV. Lecture V. In- 
organic Chemistry. Lecture VI. Organic Chemistry. — Part 
V. Lecture VII. Outlines of the Mineral and Vegetable King- 
doms. Lecture VIII. Outlines of the Animal Kingdom. — 
Part VI. Lecture IX. Human Physiology, with Outlines of 
Anatomy. Lecture X. Human Physiology {concluded), 

A Series of Diagrams illustrating the above has been published, 
a list of which may be had on application. The price of a Com- 
plete Set of Diagrams hs £z» the cost of the separate sheets varies 
from 6d* to 41. 

" For their persincuity, cheapness and usefulness, we heartily commend this 
course of Lectures to adl primary schools and to very many populous localities 
where it b desired by influentiiu residents to impart pleasing and instructire 
information free fi?om high-class scientific jfkcctiaitfilogf "••' Journal of A^Ued 
SeieuM, 
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UP THE RIVER from WESTMINSTER to WINDSOR. 
A Panorama in Pen and Ink. Illustrated with 81 Engravings 
and a Map of the Thames. Demy 8vo, ir. 6d. 

VICTORIA INSTITUTE, or Philosophical Society of 
Great Britain, Journal of the Transactions of. Edited by 
the Honorary Secretary, Captain F. W. H. Petrie, ' 
F.R.S.L., F.G.S., &c. Demy 8vo. Vol. XII. Part I. 7^. daT. 
Part II. 3J. 6d. Vols. I. to XL, doth, gilt tops, price 
£1 is. each. Most -of the more important articles are 
published ^so in pamphlet form. A list of these may be 
had on application. 

VINCENT, JOHN 

COUNTRY COTTAGES: A Series of Designs for an Im- 
proved Class of Dwellings for Agricultural Labourers. Folio, 
cloth, \2S. 

WAITE, S. C. 

GRACEFUL RIDING : A Pocket Manual for Equestrians. 
Illustrated. Fcap. 8vo, cloth, zr. 6d. 

WALFORD, E., M,A,^ Late Scholar of BaJliol ColUge, Oxford, 

PLEASANT DAYS IN PLEASANT PLACES : 

Notes of Home Tours. Contents : Domey and Bumham — 
Shanklin — Hadleigh — St. David's — Winchilsea — Sandwich 
— St. Osyth's Priory — Richborough Castle — Great Yarmouth 
— Old Moreton Hall — Cumnor — Ightham — Shoreham and 
Bramber — Beaulieu — Kenil worth — Tattershall Tower — 
Tower of Essex. Illustrated with numerous Woodcuts. 
Crown 8vo, cloth extra, 5^*. 

THE COUNTY FAMILIES; or. Royal Manual of the 
Titled and Untitled Aristocracy of the Three Kingdoms. It 
contains a complete Peerage, Baronetage, Knightage, and 
Dictionary of the Landed Commoners of England, Scotland, 
Wales, and Ireland, and gives a Brief Notice of the Descent, 
Birth, Marriage, Education, and Appointments of each Person 
(in all about 11,000), his Heir Apparent or Presumptive, a 
Record of the Offices which he has held, together with his 
Town Address and Country Residences. 1,200 pages. 
Imp. 8vo, cloth gilt, £2 los. Published annually. 

THE .SHILLING PEERAGE. Containing an Alphabetical 
List of the House of Lords, Dates of Creation, Lists of 
Scotch and Irish Peers, Addresses, &c. 32mo, cloth, is. 
Published annually. 
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THE SHILLING BARONETAGE. Containing an Alpha- 
betical List of the Baronets of the United Kingdom, Short 
Bic^aphical Notices, Dates of Creation, Addresses, &c. 
'32mo, cloth, is. Published annually. 

THE SHILLING KNIGHTAGE. Containing an Alpha- 
betical List of the Knights of the United Kingdom, Short 
Biographical Notices, Dates of Creation, Addresses, &c. 
32mo, cloth, is. Published annually. 

THE SHILLING HOUSE OP COMMONS. Containing 
a List of all the Members of the British Parliament, their Town 
and Country Addresses, &c 32mo, cl., is. Published annually. 

THE COMPLETE PEERAGE, BARONETAGE, 
KNIGHTAGE, AND HOUSE OF COMMONS. In 
One Volume, royal 32mo, cloth extra, gilt edges, 5 x. Pub- 
lished annually. 

XVATERHOUSEy G. R, 
THE NATURAL HISTORY OF MARSUPIALIA. 

With 34 Coloured Plates. Fcap. 8vo, cloth, 41. dd, 

WATFORD NATURAL HISTORY SOCIETY, Trans- 
actions of the. Demy 8vo, Illustrated. Vol. I., 10 Parts, 
loj. bdry Vol. II., Part I, is, 6d. 

WHINFIELD, W, H. 
ETHICS OF THE FUTURE. Demy 8vo, cloth, 12s. 

WILSON'S AMERICAN* ORNITHOLOGY; or, Natural 
History of the Birds of the United States ; with the Continua- 
tion by Prince Charles Lucian Bonaparte. New and 
Enlarged Edition, completed by the insertion of above One 
Hundred Birds omitted in the original Work, and by valuable 
Notes and Life of the Author by Sir William Jardine. 
Three Vols. Large Paper, demy 4to, with Portrait of Wilson, 
and 103 Plates, exhibiting nearly 400 figures, carefully Co- 
loured by hand, half-Roxbuighe, ;f 6 6j. 

WOOSTER, DAVID, 
ALPINE PLANTS. Descriptions and 103 accurately 
Coloured Figures of some of the most striking and beautiful 
of the Alpine Flowers. One Vol., super-royal 8vo, cloth, 
£1 5j., reduced price, i&r. 9^. 

ALPINE PLANTS. Second Series. Containing Fifty-four 
Coloured Plates, with one or two Figures on each Plate. 
Descriptions and accurately Coloured Figures of the most 
striking and beautiful of the Alpine Plants. One Vol., super- 
royal 8vo, cloth, £1 5j., reduced price i8j. ^, 
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WYNTER, ANDREW, M.D., Hi.R.C.P. 
SUBTLE BRAINS AND LISSOM FINGERS: Being 

some of the Chisel Marks of our Industrial and Scientific 
Progress. Third Edition, revised and corrected by Andrsw 
Steinmktz. Fcap. 8vo, cloth, 3^. 6d, 

CURIOSITIES OP CIVILIZATION. Bang Essays re- 
printed from the Quarterly and Edinburgh Reviews. Crown 
Svo, cloth, dr. 

ZERFFI, G. (7., /%./>., F.R.S.Z. 

MANUAL of the HISTORICAL DEVELOPMENT 
OP ART— Prehistoric, Ancient, Hebrew, Classic, Eaiiy 
Christian. With special reference to Architecture, Scolptniey 
Painting, and Ornamentation. Crown Svo, cloth, 6s. 

SPIRITUALISM AND ANIMAL MAGNETISM. A 

Treatise on Spiritual Manifestations, &c. &c, in whidi it is 
shown that these can, by careful study, be traced to Natond 
Causes. Third Edition. Crown Svo, sewed, is. 

OUR ACTORS AND ACTRESSES. 



" Mr. Paacoe's book of reference should have a laiige sale. It is a madd of 
what such a compilation should be — full, without being tedious — impartial, aocii« 
rate, and aihusbg. A difficult task has been well executed/'— 7"^^ H^orld. 

Crown Svo, morocco gilt, 12s. 6dm 

THE DRAMATIC LIST: 

A Record of the Principal Performances of Living Actors and 

Actresses of the British Stage. 

With Criticisms from Contemporary Journals. 
Edited by CHARLES EYRE PASCOE. 

This important work contains Biographical Sketches of all the more j^ro- 
minent Living Actors and Actresses of uie British Stage, togeUier with Critical 
Notices of their perforinances, extracted from contemporary journals. Amoog 
the names included will be found those of Jambs Andbrson, Mr. and Mrs. 
Bancroft, Katb Bateman, Dion Boucicault, Lionel Brough, J. B. 
BucKSTONE, H. J. Byron, Madame Cbleste, Mr. and Mrs. Chippbmsalb; 

iOHN S. ClaHkb, John Clarkb, John Clayton, W. Crbswick, Charlbs 
Dillon, £. Falconer, W. Farren, Ellen Farrbn, Helen Faucit, C. A. 
Fbchtbr, David Fisher, Lydia Footb, Isabel Glyn, John Harb, Cakolinb 
Heath, Louisa Herbert, G. Honey, H. Howb, Henry Irving, David 
James, J. jErrBRSON, Mrs. Charles Kean, Mrs. Kbeley, Adblaidb Kbmblb, 
Fanny Kbmble, Mr. and Mrs. Kendal, Charles Mathews, Adelaide 
Neilson, Henry Neville, John Parry, S. Phelps, Amy Sedgwick, E. A. 
Sothern, Mrs. Stirung, Barry Sullivan, Edward Tbrry, Ellen Tbrry, 
Kate Trrry, J. L. Toole, Benjamin Webster, Alfred Wigan, Hbbmank 
Vbzin, Mrs. John Wood, and numerous others. 

London : HARDWICKE & BOGUE, 192, PiccadiUy, W. 
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Royal i6mo, cloth, Price One Shilling. 

HEALTH PRIMERS. 

EDITORS: 

J.Langdon Down. M.D., F.R.C.P.. Henry Power, M.B., F.R.C.S. 

J. Mortimbr-Granyille, M.D., John Tweedy, F,R.C.S. 



Under this title is being issued a Series of Shilling Primers on 
subjects connected with the Preservation of Health, written and edited by 
•nunent medical authorities. 

The list of Contributors includes the following names .•— 
G.W. Balfour, M.D., F.R.C.P.E.. J. Crichton Browne, M.D., 
F.R.&E., Sidney Coupland, M.D., M.R.C.P.. John Curnow, 
M.D., F.R.C.P., J. Langdon Down,M.D., F.R.C.P.,Tilbury Fox) 
M.D., F.R.C.P., J. Mortimer-Granville, M.D., F.G.S., F.S.S., 
W. & Greenfield. M.D., M.R.C.P.. C. W. Heaton, F.C.S., 
Harry Leach, M.R.C.P., G. Poore, M.D., F.R.C.P.. Henry 
power, M.B., F.R.C.S., W. L. Purves, M.D., F.R.C.S., J. Netten 
Radcuffb, Ex.-Pres. Epidl. Soa, Ac, C. H. Ralfe, M.A., M.D., 
S. Ringer, M.D., F.R.C.P., John Tweedy, F.R.C.S., John 
Wiluams, M.D., M.R.C.P. 

The following Volumes are now ready : 

Premature Death : Its Promotion and Prevention. 

Alcohol : Its Use and Abuse. 

Exercise and Training. 

The House and its Surroundings. 

Personal Appearances in Health and Disease. 

Baths and Bathing. 

To be followed by — 
The Heart and its Functions. Temperature in Health and 



The Skin and its Troubles. 

The Head. 

Clothing and Dress. ' 

Water. 

Fatigae and Pain. 

The Ear and Hearing. 

The Eye and Vision. 



Disease. 
The Throat and Voice. 
Health of Travellers. 
Health in Schools. 
Man as a Machine. 
Breath Organs. 
Poods and Feeding. 



London : HARDWICKE & BOGUE, 192, Piccadilly, W 
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